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I. REAL PARTY IN INTEREST 

The real party in interest is the assignee, the Board of Regents, University of Texas 

System, Austin, TX. 
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II. RELATED APPEALS AND INTERFERENCES 

There are no interferences or appeals for related cases. 



III. STATUS OF THE CLAIMS 

Claims 1-72 were filed with the original application, Serial No. 08/964,162, on 

November 4, 1997. This application is a divisional of the original appUcation. 

In a Preliminary Amendment filed with this appUcation, claims 1-72 were canceled and 
claims 73-101 were added. In an Amendment and Response under 37 C.F.R. § 1.116 to the 
Office Action dated September 28, 2001, claims 76-84, and 93 were canceled and claims 73 and 
92 were amended. Thus, claims 73-75, 85-92, and 94-101 are pending and appealed. An 
amendment for claim 93 was filed with the initial brief on November 7, 2002, and the Advisory 
Action dated January 13, 2002, indicated the amendment would be entered. A copy of the 
appealed claims, with the amendments indicated, is attached as APPENDIX 1 to this brief 

IV. STATUS OF AMENDMENTS (AMENDED) 

Appellant filed an amendment concurrently with the initial appeal brief to address a 
minor issue of claim dependency. In the Advisory Action dated January 13, 2003, the Examiner 
indicated the amendments would be entered. 



V. SUMMARY OF THE INVENTION 

The present invention is drawn to methods of inhibiting apoptosis in a cell utilizing a 
human sentrin-l polypeptide nucleic acid segment that encodes all or portions of SEQ ID N0:2. 
Specification at page 5, lines 10-15. Other methods are directed to methods of inhibiting 
apoptosis in a cell utilizing nucleic acid segment that has part or all of the contiguous nucleotides 
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of SEQ ID N0:1. Specification at page 6, lines 3-17. The nucleic acid segments are provided in 
conjunction with a promoter operatively linked to the nucleic acid segments and delivered to the 
subjects. Specification at page 7, lines 20-25. The nucleic acid segments are provided in an 
amount effective to prevent apoptosis of the cell. Specification at page 9-10, lines 26-30 and 1- 
3. The nucleic acid segments may be comprised within a vector or provided in a pharmaceutical 
excipient. Specification at page 9, lines 15-18. Embodiments in which the methods involve 
animal cells and human cells can be found in the Specification at least at page 9, lines 19-21. 

VL ISSUES ON APPEAL 

Are the claims properly rejected for lack of written description under 35 U.S.C. §112, first 
paragraph? 

Are the claims sufficiently enabled to satisfy 35 U.S.C. §112, fu-st paragraph? 

VII. GROUPING OF THE CLAIMS (AMENDED) 

The claims do not stand or fall together. The examiner has entered specific rejections 
towards claims drawn to Segments of nucleic acid segments. Claim 85 recites the full-length of 
SEQ ID N0:2, while the enablement rejection focuses on fi-agments; thus, this claim is 
separately patentable fi-om the other claims rejected for lack of enablement. Similarly, the claim 
drawn to at least a fiiU-length segment of SEQ ID N0:1 (claim 95) is separately patentable over 
the remaining claims because the written description rejection focuses on fi-agments while claim 
92 is drawn to the entire length of SEQ ID N0:1. 
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VIII. SUMMARY OF THE ARGUMENT 

It is the examiner's position that the claims are not fully described and lack an enabling 
disclosure. It is the Appellant's belief that the claims are indeed properly enabled and described. 
Of particular concern are the nucleotide or amino acid sequences, protein, and gene which share 
the properties of the human sentrin-1 protein. It is respectfully submitted that this is not an 
appropriate argument for a written description rejection, as the issue is whether the specification 
shows the claimed invention. The Appellant has done this by listing the full-length cDNA and 
polypeptide sequences for sentrin-1. 

Finally, it is respectfully submitted that there is a reasonable correlation between the 
method of inhibiting Fas or TNFRI mediated apoptosis in cells in vitro and the scope of the 
rejected claims. Therefore, the present claims should be enabled. 



IX. ARGUMENT (AMENDED) 

A. Claims 73-75, 86-92, 94-101 fulfill the written description requirement 

The Action rejects claims 73-75, 86-92, and 94-101 under 35 U.S.C. § 112, first 
paragraph, as allegedly containing subject matter that was not described in the specification in 
such a way as to reasonably convey to one skilled in the art that the mventor(s), at the time the 
apphcation was filed, had possession of the claimed invention. It further states that the 
application does not provide sufficient written description for a human sentrin 1 gene or 
polypeptide that has a nucleotide sequence other than SEQ ID NO: 1 or an amino acid sequence 
other than SEQ ID NO: 2. Appellant respectfiiUy traverses. 

The rejected claims are directed to a method of inhibiting apoptosis in a cell comprising 
providing the cell with a nucleic acid segment encoding a human sentrin-1 polypeptide. The 
written description requirement may be satisfied by using "such descriptive means as words, 



25291802.1 



4 



structures, figures, diagrams, formulas, etc., that Mly set forth the claimed invention." 
Lockwood V. Am. Airlines, Inc., 107 F.3d 1565, 1572 (Fed. Cir. 1997). According to MPEP 
2163, an appellant may show possession of an invention by disclosure of drawings or structural 
chemical formulas that are sufficiently detailed to show that appellant was in possession of the 
claimed invention as a whole. 

In the present case, Appellant has provided the full-length sequence of the sentrin-1 
polypeptide, as well as its underlying cDNA sequence. The claims explicitly recite "a method of 
inhibiting apoptosis in a cell comprising providing the cell with a nucleic acid segment encoding 
a human sentrin-1 polypeptide." By providing the fiill-length sequence and the underlying 
cDNA sequence in the specification, Appellant shows he was clearly in possession of the various 
human sentrin-1 polypeptides that meet the limitation of this claim. The specification states: 
"the sentrin polypeptide may comprise a contiguous amino acid sequence from SEQ ID NO: 2. 
Highly preferred contiguous amino acid sequences comprise at least about 10 or 20 contiguous 
amino acid residues from SEQ ID NO: 2, or even more preferably, at least about 20 to 40 
contiguous amino acid residues from SEQ ID NO: 2, or still more preferably, at least about 50 to 
60 contiguous amino acid residues from SEQ ID NO: 2, with sequences up to about 70, 80, 90, 
100, or even fiill-length sequences being preferred." Specification at page 5, lines 19-25. Based 
on the teachings of the specification, a person of ordinary skill in the art can clearly ascertain that 
the following polypeptide sequences, and their underlying cDNA sequences, for example, were 
disclosed by the specification and in possession of the inventors: 
MSDNEAKPSTEDLGDKKN 
MSDNEAKPSTEDLGDKKNGEYIKLKVI 
EAKPSTEDLGDKKNGEYIKLKVIGNDSSEIH 
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GDKKNGEYIKLKVIGNDSSEIHFKVKMTT 

EIHFKVKMTTHLK,IKLKVIGNDSSEIHFKV 

NEAKPSTEDLGDKKNGE 

TEDLGDKKNGEYIKLKVIGNDSSEIHFKVKMTT 

These sequences, as well as numerous other sequences that meet the limitation of the 
claims, can be easily determined from the specification. The Action contends, "The specification 
fails to provide guidance as to the amino acid residues which are critical to the observed 
biological activities of the protein corresponding to SEQ ID NO: 2 such that the amino acid 
sequences or nucleotide sequences which diverge from SEQ ID NOS 1 and 2 and which encode 
a human sentrin-l polypeptide can be determined from among the numerous possible nucleotide 
or amino acid sequences which encode a portion of SEQ ID NOS: 1 and 2." This argument is 
not appropriate for a written description rejection. The issue is simply whether Appellant's 
specification shows the claimed invention, which he has done by proffering the fiiU-length 
cDNA and polypeptide sequences for sentrin-l. 

The Action cites Amgen Inc. v. Chugai Pharmaceuticals Co.. Ltd., 18 U.S.P.Q2d 1016 
(Fed. Cir. 1991) and Fiers v. Revel , 25 U.S.P.Q. 1602 (Fed. Cir. 1993) for support for its 
argument. Appellant notes, however, that both cases are inapplicable to the present issue. In 
Amgen, the claims at issue were not limited by sequence and, instead, recited fiinctional 
language, which is not similar to the present claims. Furthermore, in Fiers v. Revel, which 
discusses conception, the appellant in that case did not provide the fixU-length sequence, yet 
claimed such a sequence. In Fiers, the Federal Circuit found that conception of the fiiU-length 
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DNA molecule could not occur in the absence of sequence infonnation. This is simply not the 
case here. 

Furthemore, the written description rejection with respect to claim 95 is inappropriate. 
This claim is drawn to the entire length of SEQ ID N0:1. which is provided in the sequence 
listing. There is no basis for a rejection of the full-length sequence. Regardless of whether the 
present rejection is applicable to the other claims, claim 95 is separately patentable from them 
because the arguments offered in the Action are not relevant to it. It is clear that Appellants were 
in possession of SEQ ID N0:1, which is recited in the claim. 

Because Appellant has shown they were clearly in possession of all of the rejected claims 
at the time the application was filed, the rejection is respectfully requested to be withdrawn. 
Appellant appreciates that the written description and enablement requirements are separate and 
distinct and presents arguments that the specification is also enabling below. 

B. Claims 73-75, 85-92, 94-101 are enabled under 35 U.S.C. § 112, first 
paragraph 

The Action rejects claims 73-75, 85-92, and 94-101 under 35 U.S.C. § 112, first 
paragraph, for allegedly not reasonably providing enablement for methods of inhibiting any 
apoptotic pathway in cells in vitro or in vivo by administering any vector encoding any portion of 
the nucleic acid or amino acid sequences of SEQ ID NO: 1 or SEQ ID N0:2. The Action admits 
the specification is enabling for a method of inhibiting Fas or TNFRI mediated apoptosis in cells 
in vitro comprising transfecting said cells with a nucleic acid expression construct encoding a 
nucleic acid comprising SEQ ID N0:1. However, it concludes that it would require undue 
experimentation to practice the scope of the invention now claims because of the high level of 
unpredictabiUty in the art for treating diseases using recombinant vectors, the lack of guidance 
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provided in the specification for the parameters affecting vector delivery and gene expression in 
vivo, the lack of correlation between Appellant's in vitro working examples and the therapeutic 
inhibition of apoptosis in a mammal, and the breadth of the claims. Appellant respectfully 

traverses this rejection. 

The standard for enablement is that "the specification must teach those skilled in the art 
how to make and use the fiiU scope of the claimed invention without 'undue experimentation.'" 
In re Wright, 999 F.2d 1557. 1561, 27 USPQ2d 1510, 1513 (Fed. Cir. 1993). Further, all that is 
necessary is that one skilled in the art be able to practice the claimed invention, given the level of 
knowledge and skill in the art. In the present case, the Action admits that the specification is 
enabling for a method of inhibiting Fas or TNFRI mediated apoptosis in cells in vitro comprising 
transfecting said cells with a nucleic acid expression construct encoding a nucleic acid 
comprising SEQ ID N0:1. Appellants submit that there is a reasonable correlation between the 
method the Action indicates is enabled and the scope of the rejected claims. As the Orkin article 
(Exhibit A) cited in the Action indicates, the Recombinant DNA Advisory Committee (RAC) has 
approved more than 100 protocols and there have been claims of successfiil therapy. No doubt 
that each of these protocols was preceded by in vitro data. Furthermore, the claimed method is 
directed toward a method of "inhibiting apoptosis in a cell." Appellant has showed such 
inhibition in the specification at page 57, line 1 to page 58. line 3 in two different cell lines and 
implicating two different apoptosis pathways. "As long as the specification discloses at least one 
method for making and using the claimed invention that bears a reasonable correlation to the 
entire scope of the claim, then the enablement requirement of 35 U.S.C. 1 12 is satisfied." MPEP 
2164.01(b) (citing In re Fisher, All F.2d 833, 839, 166 U.S.P.Q. 18, 24 (CCPA 1970)). 
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FuTthennore, a recent NM .epor. states that more than 80 cKmeal Wals with the 
adenovirus vector were initiated since flre first adenovims trial in 1993, which is more than 5 
years after the present application was filed. The Action states that the "expectation for 
achieving a desired therapeutic effect vivo by expressing a thetapeutic gene ... was extranely 
low," but the NIH report indicates this is not true. 

The Action also contends the specification "would not have predicted success in 
iriribiting any apoptotic pathway in a cell by providing the cell with a nucleic acid encoding 
human sentrin." The specification provides evidence that sentrin can inhibit apoptosis that is 
induced by Fas or TNFRl in Example 5. Appellant's claim that sentrin can inhibit apoptosis 
should be taken at face value, given that the Action does not provide any evidence of why sentrin 
would no, achieve inhibition of apoptosis. Appellant respeetMly notes that "it is mcunrbent 
upon the Patent Office...to explain why it doubts the truth or accuracy of any statement in a 
supporting disclosure and to back up assertions of its own with acceptable evidence or reasonmg 
which is mconsistent with the contested statement." MPEP 2164.05 (quoting In re MarzoccU. 
439 F.2d 220, 224, 169 U.S.P.Q. 367, 370 (CCPA 1971)). The Action does not offer any such 
evidence. 

The claims recite "a nucleic acid segment encoding a human sentrin-1 polypeptide, 
wherein the se^ent encodes at least 100 contiguous amino acids of SEQ ID N0:2." Appellant 
points to FIG. 1, which shows different sentrin constructs that fulfill this limitation. There is no 
reason why it would require undue experimentation to make and use such a nucleic acid 
segment, given that the complete nucleic acid and amino acid sequences for sentrin are disclosed 
in the specification. Furthermore, the binding studies employed in the specification teach a 
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person of skill in the art how to determine which constructs will work in the context of the 
claimed invention. As such, the invention is enabled. 

Also, claims 85 and 95 are separately patentable because they each recite full-length 
sequences. Claim 85 recites SEQ ID N0:2, which is the full-length polypeptide sequence, and no 
arguments have been offered as to why it would require undue experimentation to practice this 
claim, as the full sequence is disclosed and recited in the claim. Claim 95 recites SEQ ID N0:1, 
which is the full-length cDNA sequence and which the Action admits is enabled. 

For the foregoing reasons, it is clear the specification enables the claimed invention. 
Accordingly, Appellant requests that the rejection on claims 73-101 be withdrawn. 



X. CONCLUSION 

It is respectfully submitted, in light of the above, that all pending claims are enabled and 
fully described and thus satisfy 35 U.S.C. §112, first paragraph. Therefore, Appellant requests 
that the Board reverse the pending ground for rejection. 

Please date stamp and return the enclosed postcard to evidence receipt of this document. 

Respectfully submitted, 



FULBRIGHT & JAWORSKI L.L.P. 

600 Congress Avenue, Suite 2400 

Austin, Texas 78701 

(512) 536-3081 

(512) 536-4598 (facsimile) 



ina Shishima 
Reg. No. 45,104 
Attorney for Appellant 



Date: May 2, 2003 
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APPENDIX 1: PENDING CLAIMS 

73. A method of inhibiting apoptosis in a cell comprising providing the cell with a 
nucleic acid segment encoding a human sentrin-1 polypeptide, wherein the segment encodes at 
least 100 contiguous amino acids of SEQ ID N0:2. 

74. The method of claim 73, wherein the nucleic acid segment is further defined as 
encoding a human sentrin-1 polypeptide that is at least 85% identical to SEQ ID N0:2. 

75. The method of claim 74, wherein the nucleic acid segment is further defined as 
encoding a human sentrin-1 polypeptide that is at least 95% identical to SEQ ID N0:2. 

85. The method of claim 84, wherein the nucleic acid segment is further defined as 
encoding a polypeptide comprising SEQ ID N0:2. 

86. The method of claim 73, wherein the cell is comprised within an animal. 

87. The method of claim 86, wherein the animal is a human. 

88. The method of claim 86, wherein the nucleic acid segment is provided to the 
animal in an amount effective to prevent apoptosis of the cell. 

89. The method of claim 86, wherein the nucleic acid is provided in a pharmaceutical 
excipient. 
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90. The method of claim 73, wherein the nucleic acid segment is operativeiy linked to 
a promoter that expresses the nucleic acid in the cell to provide the polypeptide. 

91. The method of claim 90, wherein the nucleic acid segment is comprised within a 

vector. 

92. A method of inhibiting apoptosis in a cell comprising providing the cell with a 
nucleic acid segment comprising at least about 100 contiguous nucleotides of SEQ ID N0:1. 

94. The method of claim 92, wherein the nucleic acid segment further comprises at 
least about 200 contiguous nucleotides of SEQ JD NO: 1 . 

95. The method of claim 94, wherein the nucleic acid segment further comprises at 
least SEQ ID NO: 1. 

96. The method of claim 92, wherein the cell is comprised within an animal. 

97. The method of claim 96, wherein the animal is a human. 

98. The method of claim 96, wherein the nucleic acid segment is provided to the 
animal in an amount effective to prevent apoptosis of the cell. 
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99. The method of claim 96, wherein the nucleic acid is provided in a pharmaceutical 
excipient. 



1 00. The method of claim 92, wherein the nucleic acid segment is operatively linked to 
a promoter that expresses the nucleic acid in the cell to provide the polypeptide. 

101. The method of claim 100, wherein the nucleic acid segment is comprised within a 

vector. 
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REPORT AND RECOMMENDATIONS OF THE PANEL TO 
ASSESS THE Nffl INVESTMENT IN RESEARCH ON GENE 

THERAPY 



Stuart H. Orkin. H-D. 
Arno G. Motulsky, M.D. 

rc-chairs 

Dece3u>er 7, 1995 



Executive Summary of Findings and Recommendations 

Dr. Harold Vannus, Director, National Institutes of Health (NIH), appointed an ad hoc committee to 
^ss the current status and promise of gene therapy and provide recommendations regardmg future 
NIH-sponsored research in this area. The Panel was asked specifically to comment on how funds and 
efforts should be distributed among various research areas and what funding mechanisms would he most 
effective in meeting research goals. 

The Panel finds that: 

I. Somatic genc^'^rapy is a logical and natural progression in the application of fundamental 
biomedicaKsciencw to medicine and offers extraordinaiy potential, in the long-term, for the management 
ana conection of human disease, including inherited and acquired disorders, cancer, and AIDS. The 
concept.that gene transfer might be used to treat disease is founded on the remarkable advances of the 
past two decades in recombinant DNA technology. The types of diseases under consideration for gene 
therapy ate diverse; hence, many different treatment strategics are being investi^ted. each with its own 
set of scientific and clinical challenges. . ^ 




successful therapy and the initiation of more than 1 
(RAC)-^proved protocols. 

3. Significant problems remain in all basic aspects of gene th( 
include shortcomings in all current gene transfer vectors and 
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4. In the enthusiasm to proceed to clinical trials, basic studies of disease pathophysiology, which are 
likely to be critical to the eventual success of gene therapy, have not been given adequate attention. Such 
studies can lead to better definition of the important target cell(s) and to more cffecuve design of the 
therapeutic approach. They often can be carried out in appropriate animal models. Pathophysiologic 
studies niay also suggest alternative treatment strategies. 

5. There is a clear and leeitimate need for clinical studies to evaluate various aspects of gene therapy 
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approaches. Although animal investigations are often valuable, it is riot always possible to extrapolate 
directly from animal experiments to human studies. Indeed, in some cases, such as cystic fibrosis, 
cancer* and AIDS, animal models do not satisfactorily mimic the major manifestations of the 
corresponding human disease. Clinical snidies represent not only practical implementation of basic 
discoveries, but also critical experiments which refine and define new questions to be addressed by 
non-clinical investigation. 

6. Interpretation of the results of many gene therapy protocols has been hindered by a very low 
frequency of gene transfer, reliance on qualitativo rather than quantitative assessments of gene transfer 
and expression, lack of suitable controls, and lack of rigorously defined biochemical or disease 
endpoints. The impression of the Panel is that only a minority of clinical studies, illusuated by some 
gene marking experimcncs, have been designed to yield useful basic information, 

7. Overselling of the results of laboratory andclinical snidies by investigators*and their sponsors-be 
they academic, federaK or industrial-has led to the mistaken and widespread perception that gene 
therapy is further developed and more successful than it actually is. Such inaccurate portrayals threaten 
confidence in the integrity of the field and may ultimately hinder progress toward successful application 
of gene therapy to human disease. 

Based on these findings, the Panel recommends the following: 

1. In order to confront the major outstanding obstacles to successful somatic gene therapy, greater focus 
on basic aspects of gene transfer, and gene expression within the context of gene transfer approaches, is 
required. Such efforts need to be applied to improving vectors for gene delivery, enhancing and 
maintaining higifevel expression of genes u^nsferred to somatic cells, achieving tissue-specific and 
regulated expressiim of transferred genes, and directing gene transfer to specific cell types. To stimulate 
innovative research, the Panel recommends the use of interdisciplinary workshops, specific, program 
announcements in these areas, and the tise of short-term, pilot grants for testing new ideas and for 
encouraging investigators from odier areas to enter the field of gene therapy. 

2. To address important biological questions and provide a basis for the discovery of alternative 
treatment modalities, the Panel recommends increased emphasisLon research-dealing witfi the 
mechanisms of disease pathogenesis* farther development of animal models^f disease, enhanced use of 
preclinical gene therapy approaches in these models, and greater study of stem cell biology in diverse 
organ systems. 

3. Strict adherence to high standards for excellence in clinical protocols must be demanded of 
investigators. Gene therapy protocols need to meet the same high standards required foe alliorms of 
translational (or clinical) research* whatever the enthusiasm for this (or any othcrl treatment approach. 

4. To enhance die overall level of research in this area, the Panel recommends that NIH support broad 
interdisciplinary postdoctoral training of M,D. and Ph.D. investigators at the interface of clinical and 
basic science. Mechanisms for physician training in this area might include use of career development 
awards based on a program announcement in gene therapy. 

5. Investigators in the field and their supporters need to be more restrained in their public discussion of 
findings, publications, and immediate prospects for the successful implemenution of gene therapy 
approaches. Jhe Panel recommends a concerted effort on the part of scientists, clinicians, science 
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writers research advocates, research institutions, iP>str>'. and ihc press to inform the public about not 
only the extraordinary promise of gene therapy, but also its current limitations. 

6 NIH has already provided an appropriate inioal investment in gene therapy. Future gene therapy 
research should compete with odier forms of biomedical research for funding under stnngent peer 
review Only widi fair, yet critical, peer review will high standards be met and maintained. The Panel 
specifically does not recommend special gene therapy study sections, expansion of existing center 
programs in gene therapy, or expansion of the recently funded core vector production program. To 
ensure diat tl.c level of suppdrt remai..> appropriate, the NIH investment in this field should be 
reexamined periodically. 

7. To enhance the contribution of industry to the field, the Panel recommends that NIH encourage 
collaborative arrangements between academic ihaitutions^uid industry tfiat complement NW-supported 
research, and also implement mechanisms that fdeilitate the distributionanditesting of vectors and 
adjunct materials for use in clinical studies. 

8. In an effort to improve gene therapy research and-rcduce duplication of effort, the Panel urges better 
coordination and scientific review of such research throughout die NIH Intramural Program. In addition, 
NIH Institute Directors should resist pressures to include gene therapy research in their portfolios (eidier- 
Intramural or Extramural) to "round out" their programs or compete with other Institutes. Instead, they 
should include such research only when there arc compelling scientific reasons to go forward. Institute 
Directors should take the lead, where it seems appropriate, to focus efforts on improvement of diagnosis 
and understanding of disease pathogenesis and await further developments in vector technology before 
expanding clinicaligene therapy programs. 
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Introducdon 

Gene therapy is a set of approaches to the treatment of human disease based on the transfer of genetic 
inatenaI {DNA)into an individual, Gcnc^delivcry can be^a^^^ 

genecontaining viruses or DNA to blood or tissueSvOr indirecUy through the introduction of cells 
manipulated in the laboratory to harbor foreign DNA. a soirfiisticatcd extension of conventional 
medical therapy, gene therapy attempts to treat disease in an individual patiently the adnunistralion of 
DNA rather than a dnig. Because only somatic cellsv and not germ cells (eggs and^pcrm). arc Ac target 
of these efforts, gene transfer affects only the individuals under treatment and not their offspring. - 
Therapy directed to germ cells; which would represent a radical departure in the approach to managing 
disease, is not considered further in this report. 

Since genetic material is the putative therapeutic agent, some observers view gene therapy as 
qualitatively different from other forms of treatment Seen from a broader perspective, however, somatic 
gene therapy reflects a natural progression in the application of biomedical science to medicine. In 
altering the genetic material of somatic cells, gene dierapy may correct the underlying specific disease 
pathophysiology. In some instances, it may offer the potential of a onetime cure for devastating, 
inherited disorders. In principle, gene therapy should be applicable to many diseases for which current 
therapeutic approaches are ineffective or where the prospects for effective treatment appear exceedmgly 
low. 
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Five years have elapsed since the first patients received gene modified eel s at the NW. S.nce then. U.e 
field of gene therapy has attracted increased attention .n sc,ent.tic. medical. med.a.^d lay circles As oi 
iune 1995^06 cliSical protocols involving gene transfer were approved by the NIH Recombinant 
AdvisorCommittee (RAQ. Indeed, a tota; of 597 subjects have already undergone gene transfer 
eCri^n^ C^tently, NIH provides approximately S200.000.000 per year for research related to gene 
^hJTapv. Industrial support of gene therapy research has gro^^ steadily such that « ^^^"^'J^f^^^^^ 
exceed that of the WH^d underwrites a major proporuon of approved clinical P^^'^^^^'^JJ''"" ^^^^^^^ 
level of current activity the young field of gene therapy is the focus of attention and scruuny as a frontier 
of modem medicine. 

To advise Dr. Harold Vartnus, Director of the NIH, the Panel taAssess4hc NIH Investment in Research 
on Gene Hierapy (sec Appendix A) heard presentations from NIH Institute Directots, basic researchers, 
and clinical investigators from academic and ftderaHnstitutionsrandfronLihe-pnvate sector (see 
Appendix B). The Panel also reviewed recent basic and clinical tesearcframgene. therapy. 

Panel members are unanimous in recognizing the cxiraordinaiy potential, in the longiernu of gene 
therapy for managing and correcting human disease. Integifaiing efficacious and workable gene Ujerapy 
proc^ures into the health care svstem would signal a major development in medicine, comparable to 
past milestones, such as the intrciduction oi aseptic tcchniques;-antibiotics. vaccines, aiid tissue . 
transplantation. The realization of this long-term goal requires proper development otiis scientific 
unde^innings and validation of its utility to patients with carefully designed, controlled, and evaluated 
clinical trials. 

Although expectations have been great-fueled by the escalating enthusiasm of some investigators, 
industrfal sponsit;and members of the media-it must be recognized that clinical efficacy in human 
patients has vet toibe clearly established for any gene therapy protocol. This sobenng reality highlights 
the challpnee of bringing this, or any other, complex technology to clinical practice. Typically.Tnany 
ycahj arc xequired before new therapies are proved successftil. For example, transplantation or bone 
marrow'and other organs-nbw an accepted therapy for lifethieatening diseases-iequkcd more than two 
decadesof development during wHich frequent failures often provoked widespread skepticism. At this 
early stage in the development of gene therapy, the Panel considered the following issues: 

• Is the science underlying the application of gencthcrapy sufficiently mature to justify rapid and 
widespread clinical testing? What areas ijfrcseaich need paiticulatdevclopment? 

• Have the clinical trialsio date been appropriately designed to be maximally informative? Should 
stricter standards be adopted? 

• Is there an appropriate balance between basic and clinical research supported by the NIH? 

• Are training, reseaich. and resource support mechanisms optimal for nurturing this young field? 
Should special, targeted research and/or training grant mechanisms be insrioited? 

• What relationships among academic, federal (i.e.. NIH). and industrial institutions would best 
facilitate the development of the clinical applications of gene therapy? 



What is the impact of the manner in which investigators in the field and their supporters portray 
their activities to the scientific community and the public? 



transfer into vascular cells of genes reducing proliferative and thrombotic pro esses might prevent 
reocciusion. 



The possibilities for gene transfer as a treatment for common multifactorial diseases are vast. The 
precise approach needs to be assessed in each instance by considering how specific gene produas 
influence cellular physiology. We can expect many different, sometimes speculative, strategies to 
be proposed. Each will need to be judged in comparison with conventional treatment approaches. 

► Cancen Studies of the past two decades have established cancer as a genetic disease at the cellular 
level. Cancers arise through a multistage process driven by inherited and relauvely frequent 
somatic mutation of cellular genes, followed by clonal selection of variant <;ells with increasmgly 
aggressive growth properticsT At least three important classes of genes-protooncogenes. tumor 
suppressor genes, and DNA repair genes-are Jargeted by mutations: In Jess than five percent of all 
individuals with cancer, and a giTcater percentage of ihose dcvelopingrcancer at a younger age., 
germline mutation of a tumor suppressor or DNA repair gene is aprimary determinant for cancer 
development. However, in contrast to the gene therapy approaches being considered for typical 

-• inherited disorders in which a gene product is missing, somatic gene therapy approaches are not 
suitable for treating those harboring a germline mutation in a cancercausing gene. In these 
individuals all cells (at least in some tissues) are at risk for cancer development. 

The vast majority of mutations that contribute to cancer are somatic. i.e.. present only in the 
neoplastic cells of the patient. The introduction into cancer cells of a gene that might alter or 
inhibit die malignant phenoiype is an appealing concept It is based, in pan. on experimental data 
showing th^nntroduction of normal copies of tumor suppressor genes (e.g., p53 or Rb) into cancer 
cell lines ii^mro restores normal growth properties. 

Daunting hurdles must be overcome if gene correction strategies arc to achieve a meaningful 
cliiucal outcome; First; some cancers arise folloviring mutations ia which the gene product has a 
dofhinant effect. Hence, transfer of a normal copy of the gene into an affected cell would have 
little, if any, impact. Second, the number of cells within a clinically detecuble cancer is large 
(>10^), and Ae mutation rate within them is so high that mutations in the introduced gene will 
arise in at least a subset of cells, inactivating its function and resulting in subsequent rcoutgrowth 
of cancer cells. Third, present technologies allow gene transfer to only a.subset of cells within a 
detectable, local tumor mass. Finally; the major dreaded complicatiompf^aavanced local cancer is 
distant metastasis, and current nicans for transfcrringDNA do not provide feasible strategics for 
reaching cells that have spread widely in the body. 

Because of these formidable problems, other-morj 
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A second general approach to the treatment of localized cancers, including brain and liver tumors. 
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involves in vivo deUverv to cancer cells of genes encoding viral or bacienal enzymes involved in 
the conversion of nontoxic prodrugs to their active molecules. In one approach the thymidine 
kinase eenc from herpes simplex virus into cells is transferred into cells, rendenng them more 
susceptible to the dnig ganciclovir. Finally, genes that provide enhanced resistance to conventional 
chemotherapeutic agents are being transferred into bone marrow cells, which are then used to 
reconstitute the bone marrow of patients before treatment with intensive, and otherwise lethal, 
chemotherapeutic regimens. 

• Infectious diseases: In principle, a number of chronic infectious diseases; including several types 
of hepatitis and herpesvirus infections, may be suitable targets for gene therapy approaches. 
However, only HIV infection has received much attention to date. Current efforts focus on two 
general areas: postexposure vaccination in an attempt to boost thehost immune response to the 
Tnfection and attempts to express genes irr target cells ihatTCnder therirainable to be infected or of 
supporting HIV replication. Although a-handful of trials are ongding^tttpresent, they are in very 
early stages, and no resufts have been published. 

. In vaccination trials, modified HIV genes are introduced directly into infected individuals 
following ex viV^> treatment of target CD4 or precursor cells, typically with retroviral vectors that 
- express genes encoding antiviral products. Several such products are being tested: mutant proteins 
that inhibit virus replication: antisense RNA that blocks translation of HIV gene products or causes 
destruction of theHIV genome; ribozymes that attack HIV RNA at specific unique sites: "decoy" 
RNAs that efficiendy compete for binding of viral proteins: and singlechain antibodies that 
prevent key HIV enzymes from functioning. Although these approaches block HIV replication in 
cell culture systems, serious obstacles to their practical application remain. Most imponantly. it is 
not yet kno^ what cell types to target, much less how they will be isolated, ueated, and returned 
to the patienU^unhermorc, it is unknown whether resistant mutants-thc major obstacle.to 
: successful drug therapy-will also present a serious problem. Nevertheless, the pursuit of gene 
. therapy remains an active area of acquired immunodeficiency syndrome research, and one that ^ 
also promises to provide important insights into HIV pathogenesis. 

The above discussion illustrates thespectrum of diseases and su-ategies under consideration foc.somatic 
gene therapy and is not meant to be comprehensi ve: Therapeutic success in^mostxrascs will rely on 
efifcctivc gene u^nsfcr methods and an undcrsiandingof the pathogenesis of^each disorder. 

Basic science issues in gene therapy 
Gene transfer and expression 

Somatic gene therapy entails twoxrilical steps: delivery of the gene to appropriate cells and its 
subsequent maintenance and expression. In this section we review current capabilities for meeting these; - 
needs. 

• Gene transfer: Somatic gene therapy requires the transfer of DNA into recipient cells, either 
outside the body iex vivo) or by direct administration On vivoK Preferably, this should be 
accomplished without adverse reactions from the recipient. Ordinarily, the intent is to transfer a 
gene into host cells where it will reside for a prolonged period. Although in many instances, 
!cuccessful therapy will entail gene transfer to specific cells or tissues, target specificity will not 
always be required. For example, suitable "generic" cells tsuch as fibroblasts or myoblasts I may 



scvre as ^manufacturing plants" to produce proteins that function in the circulation (e.g.. 
hemophilia) or arc taken up by other body cells (e.g.. in some enzyme storage disorders^. 

Several different systems are in use or under consideration for somatic gene uansfer (see Table \ i. 
These include DNA (either naked or complcxcd), RNA viruses (retrovimses), and DNA viruses 
(adenovirus, adenoassociated vims (AAVj, herpesvirus, and poxvirus). Experience is more 
^ -extensive with rcaoviral vectors than with other viruses or nonviral DNA^Each vector system has 
^^^^^^^^^^^^^^^^^^^^^^^^ ^^^^^^^^^^^^^^ ^^ ^^^^ 

'"The basic biology of retroviruses is the best Understood of the vectocssy^ehis used for gene 
transfer experiments. Accordingly, retroviruses are employed inihemajority of clinical protocols 
(sec Table 2). Among their advantages are efficient entry into dividing cells and intcgratiort of the 
transferred genetic material into the host genome without concomitant introduction of viral genes. 
Retrovirtiscs would appear to be nwst suitable for permanent correction of genetic diseases. A 
-major disadvantage of retroviruses is that they infect and integrate only dividing cells. Other 

- problems tnclude cumbersome preparation and relatively low titer, size constraints on inserted 
..genes, difficulties in controlling or ensuring expression, and the potential for genetic damage due 

to random integration in the host genome. 

The adenoyiriis vector system has found advocates more recently. Among its advantages are high 
titers and Ictcls of expression, relative ease of handling, efficient infection of many types of 
human cclk;^d capacity to infect nondividing cells. Major disadvantages include its relatively 
high unmunogenicity and the complexity of its genome; Despite the widespread belief that 
adcnovinis does not integrate into the host genome, experimental evidence for this assertion is = 
lacking. The persistence and expression of adenoviruses in vivo in somatic gene ther^y situations 
are under investigation in several laboratories. 

Experience widi other DNA viral systems is less extensive. A major peraived strength of AAV is 
integration at a specific site in the infectcd cellgenomc; a findtng^onfirmed thus far only for the 
wildtypc vims. Research with AAV and herpesvirus has been impeded by ihc lack of suitable 
helper cell lines for preparing large amounts of pure: recombinant vims; Poxviruses appear most 
suitable for vaccination. 

- Direct administration of DNA DNA complexes (e.g., liposomes) in viva is in its infancy. The 
case of preparation and virtually unlimited size of constmpts for gene delivery make this approach 
attractive. The lower efficiency of gene transfer (compared with vimscs). and the absence of ^ — . - 
mechanisms for specifically maintaining the introduced DNA within the cell are major 
disadvantages. However, the use of naked DNA for in vivo vaccination appears feasible and highly 
promising. 

Rather than delivering a particular gene to all cells ex vivo or to a specific tissue in vivo, it appears 
preferable to urget gene transfer to a particular cell type. In principle, this might be accomplished 
by incorporating ligands for cell surface receptors mio viral envelopes or DNA complexes. 
However, such strategics have not yet reached clinical application. 
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Of the vector systems studied to date, retroviruses appear to be most suited for delivering genes to 
host cells in a stable fonn due to the efficient integracion of retrovirally transduced genes. Studies 
of vcast cells have defined many of the components necessary for maintaining chromosomes 
within cells. In principle, the devclopnicnt of artificial human chromosomes as vectors might 
allow for maintenance of transferred genes without die problems resulting from random insertion 
of foreign sequences into the host genome. Several laboratories are trying to design such vectors. 
The efficient introduaion of these. vectors into cellsv however, is likely to.be a formidable -obstacle 
to their use for gene therapy in the foreseeable future. 

► Expression of transferred genes: Expression of transferred genes is essential for successful gene 
therapy. Much is known regarding DNA sequences that direct highleveL tissuespecific expression 

.-of genes in cells in tissue culture or in transgenic mice. In practice, higblevel expression of genes 
transfened to somatic cells may not persist or be consistently achieveA^Whedier these difficulties 
reflect undefined cellular mcchanismsthar repress virally introduced genes, a subUe^Iectivc 
disadvantage of stem cells expressing transferred genesv or the failure to include appropriate 
positive regulatory sequences in the constructs is unknown. 

- These uncertainties point to the relative dearth of wellconaolled studies of appropriate and 
sustained gene expression following somatic gene transfer into animals: In many of the published 
reports in this field, gene expression was monitored by highly sensitive surrogate methods (e.g., 
cellular resistance to the drug G4 1 8 or reverse-transcriptase PGR assay), radier than by direct 
measurement of the desired protein product by immunologic or enzymatic activity. This practice 
reflects the generally low absolute level of gene expression achieved in many instances, leading to 
a reliance onr.npnquantitative analyses. 

How have sorffe of these problenis of gene transfer and expression been reflected in gene therapy 
experiments involving animals and human subjects? Studies of retrovirusbased gene transfer into 
-hematopoietic stem cells provide one perspective. In mice, current protocols permit transfer of 
genes into a substantial fraction of stem cells following retroviral infection of marrow cells ex 
vrvo. Nevertheless, gene transfer into marrdw stem cells of other species (including hiimans, other 
^primates, and canines) has been much loss efficient, widi 10% or fewer cells transduced. In clinical 
protocols to date, the low efficiency of gene transfer is particulariy tiouble; This inefficiency 
reduces potential benefits of introducing a particular foreign gene, and interferes with efforts to 
measure expression in vivo. Hence, bodi the clinical-iienefit^d scientifimalue of clinical trials 
are compromised. 

Current data arc largely inadequate with respect to experimental snidy of the expression of 
transfened genes- In mouse experiments, longterm expression of transferred genes has been 
reported, but the consistency of achieving such results is unknown. Also, the quanutation of levels 
•of gene expression over time has not received adequate attention. In human trials^the extent of - 
gene expression is uncertain. In many instances, the efficiency of gene transfer is so poor that 
investigators have relied on highly sensitive molecular methods (such as reverse transcriptase 
ICR) radier than biologically more meaningful protein assays, to evaluate expression in vivo. 

Appropriate tissue expression and recipient cells: Gene therapy approaches would be 
appreciably enhanced by directing gene transfer and/or expression to the appropriate cells of the 
bodv. £jt vivo approaches help to ensure that gene u^fer is limited to cells of a particular organ. 
For example, gene transfer into bone marrow cells provides a means to introduce genes selectively 
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into various blood cell types, including hematopoietic stem cells. Providing a gene product to 
distinct cell types in vivo necessitates cither targeting of gene transfer to specific cells or selective 
expression of introduced genes in specific cell types. To approach the former problem, research 
aims to incorporate ligands for cellular receptors into viral envelopes or achieve cellspecific gene 
transfer by binding of vims and target cells to panicular proteins or fusion proteins. Meanwhile, 
tissuespecific gene expression of transferred genes may be accomplished by including appropriate 
regulatory sequences in gene transfer vectors. Some of these regulatory sequences may be 
responsive to drugs: hcncc; in vivo expression of transferred genes might be regulated by 
- administration of the relevant drug to the host. Research in these areas within the context of gene 
therapy strategies is in its infancy. 

Disease pathophysiology 

- Qoning genes and characterizing mutations responsible f two of the essential 

steps in understanding disease pathogenesis- I>efining;thcjnechanisms b^ 

pathology is important in conceptualizing approaches to therapy. Forexamplc; some mutations may 
abolish gene fiinaion: in these siniations, replacing the missing protein may provide adequate therapy; 
Alternatively, mutations may alter protein function so as to inhibit a cellular pathway (a 
dominantnegative mechanism); In these instances, shuttingoff expression of the mutant protein or 
interfering with its function might constitute therapy. 

A basic understanding of the pathophysiology of disease is therefore highly relevant when designing 
gene therapy su^ategies. Besides understanding how a mutation leads to disease, it is important to 
determine which cells of the body are suiuble targets for effective therapy. Disorders resulting from die 
deficiency of a cifckilating protein (c.g., clotting factors Vffl or IX in hemophilia) might be corrected by 
. expression of theird^vant gene in skin or muscle cells, even if the protein is normally made in liver, as 
long as it is Secreted Jnto the bloodstream. In many other situations, expression of a transferred gene is 
required 5) a particular tissue; For example, correction of primary hemoglobinopathies* such assicklc 
cell anemia and Cooley's anemia, necessitates precisely regulated expression of globin chains in 
developing red blood cell precursors. For cystic fibrosis, which is due to loss or malfunction of a 
membrane protein (CFTR). it is relevant to ascertain which; and how many, cells of the lung need to 
express a normal CFTR gene. 

Study of disease pathogenesis may sonietiniesJead:to.the^evelopinentof4ughLy. effect ther^ics. 
as illustrated by now.classiorcscarch.on:thc. btochenniical basis of hypc^ - 
feedback regulation of cholesterol biosynthesis led directly to the testing of HMGCoA reductase 
inhibitors as cholesterol lowering drugs. These agents, which are in use worldwide, have been shown to 
be effective in preventing cardiovascular disease. In the current climae. where the cloning of a new . . 
disease gene is often viewed principally in the context of gene therapy, the discovery of these drugs 
might not have been made. 

.Animal models of disease 

Principles of disease pathogenesis and the development of gene therapy q>proaches can often be 
addressed by studying animal models of human disease. Specific hypotheses and experinKsntal therapies 
should generally be tested extensively in small animals prior to human experiments. The following 
questions are representative of those that may be profitably addressed in animal experiments. Can 
particular cell types serve as appropriate targets for gene therapy? Can bone marrow expression of a 



ccnc product whose deficiency leads to a storage d .order atfecong die bram .mprove ce^^^^^^^^^ 
system function? What fraction of cells of a iissue need to be altered genetically m order to etf«:t 
cS improvement? Are gene modified cells at a selective advantage or disadvantage m v.va? Does 

h<^t Sop an immune%esponse to the gene transfer vehicles or to the newly introduced gene 
pl^u^t' AnimSl models can provide an important link in the development of gene therapy approaches. 
Ivine between gene discovery and characterization and clinical expenments. Animal models also 
con«itute a valuable resource for testing other forms of therapy that are not based on gene transfer 
approaches. 

Animal models for genetic diseases have arisen spomaneously in a variety of species (e.g.. mouse, cat. 
doe) Using new methods to mutate genes in embryonic stem cells, mice with engineered alterations in 
any given gene can be produced. Numeroiis mouse strains with mutations in genes relevant to human 
discos have already been created in this manner, and also by injection of Jtuman gencsnnto fertilized 
mouse eggs. In some instances, mice with suclrmutaiiomi^xhibit a phenotype. similar to thatsecn m 
humans (examples: chronic granulomatous discase. hempphilia. A.^spioQcercbeU3r.ataxial ), I" others, 
the effects of specific mutations in the mouse appear more severe than in fiumans (examples: ADA 
deficiency. Gaucher's disease). 

Unfortunately, however. mouse models often do not faithfully mimic the relevant human conditions. For 
example, hypoxanthine phosphoribosyltransferase deficiency associated widi UschNyhan disease in 
humans is ^jenign in mice due to Uie presence of an alternative metabolic pathway. Mice with mutations 
in the CFTR gene do not exhibit the pulmonary effects of cystic fibrosis seen m man. but rather siiffer 
from severe gastrointestinal obstniction. Studying the differences between human diseases and animal 
model phenotypcs jnay provide insights into disea^^g^^^^a^^^^^^^^^^ 
by gene therapy dD-pharmacological approaches. ^•«^i'3^M«fisSS»^^^S^^amoBHaeaB^^ 




Despite potential phenotypic differences between human patients and animal models of disease, the 
.snS of animal models for die design of gene therapy approaches in a preclinical setting is important 
and should not be undervalued. Asadditional genes leading to human diseases are isolated, and gene 
taiueting and transgenic technologies generiatc more mouse models of various human diseases, we 
shmild aitidpatc an increasingly productive use of such models to elucidate^diseasc pathophysiology, 
possibly leading to gene ther^y approaches. 

Confidence in cunent approaches to somatic gene Oierapy would rise if a genuine genetic deficia»cy in 
an animal wcie unequivocally corrected. Although genetic defects in animals have been corrected by. 
introducing iransgenes into the germline (or by interbreeding with transgenic animals), sonuttic gene 
transfer has not permanently corrected a genetic disease in an animal (e.g.. a mouse model or a 
singlegene disorder). 

Recommendations for Basic Science Research: 

I Given the central role of vectors for delivering genes to somatic cells for Uierapeutic purposes, the 
Panel endorses vigorous and expanded research aimed at developing improved vectors. Special 
emphasis should be placed on die development of viral and nonviral vectors suitable for gene therapy 
approaches, stable nonintegrating vectors (e.g.. artificial chromosomes), vectors capable of efficient 
gene transfer into nondividing cells, and vectors designed for tissuerestricted targetmg and/or regulated 



V 

% 



expression. 



Il is unlikely thai a single vector will prove optimal for all gene therapy approaches. We, therefore, urge 
the NIH to support wideranging research in vector development and allied areas. An understanding of 
the behavior of vectors and the fate of DNA introduced into somatic cells will require basic efforts in 
virology, cell biology, immunology, and the chemistry of DNA complexes. These efforts should also 
include novel approaches to the selective inhibition of gene function including, but not-limited to, the 
continued development of antisense and ribozy me strategies. 

2j To facilitate interdisciplinary efforts to develop optimal vectors, the NIH should consider several 
• strategies, including w<Micshops and program announcements, to stimulate discovery, interchange; and " 
collaboration among scientists in diverse areas. 

. .3. The Panel finds that very little research effortis focused 
govern maintenance or shutoff of gene expressron following^ene^delivciyAinagcne therapy experiments. 
' Available data arc largely anecdotal. We urge the NIH to give high priority to basic research to elucidate 
. ;how fecipient cells, and particulariy stem cells, handle and express foreign DNA sequences. 

.4. -The Panel urges expanded NIH research into the biology of stem cells in diverse organ systems, as- - 
such cells are particulariy favorable recipients for permanent correction of monogenic disorders. 
. ^Specific.tppics'inciude identifying and enriching stem cells from various organs, targeted traiisfer into - 
and expression of genes in stem cells, the discovery of growth factors required by stem cells, and 
methods for selectively modifying genes in stem cells. 

- i • 

5, In the enthusiaSnf.to begin human gene therapy trials soon after gene discovery, important aspects of 
.<lisease pathophysiology, cell biology, and biochemistry have often been undercmphasized. Better 
' elucidation <Jf these aspects will reveal the nature of the target cells within a tissue that need to receive 

the traiisfqrredgenev potential difficulties' in achie^ transfer into therappropriatc cells or tissue. 

and features of the relevant protein that may be critical for its function in vivo. This increased focus on 

basic^mechanisms of .pathophysiology should also foster alternative efforts to develop pharmacological 
. ^pro^es to disease management We reconunend that the NIH vigorously support basic research into 
- molecular mechanisms that produce disease. Tne present enthusiasm for molecular approaches to 
^ therapy, no matter.how justified, must not lead to Jieglectof biochemical rand pathophysiologic 
* .mechanisms at the tissue and organ level, which may lead to'novel therapeutic^insighls. ^ ^ 

.-6..We recommend that NIH provide continued and expanded support for the development and study of 
' those animal models of disease that faithfully reflect the corresponding human disorders. These moidels 
. should strengthen the preclinical scientific basis for gene therapy protocols. This approach will often be 
. more costeffective than attempting to perform similar studies in humans. 

Gene therapy in man Status of the field 

More than 100 clinical protocols for gene therapy have been reviewed and approved by the RAC and 
subsequently approved by the NIH Director (Table 3). Indeed, 597 individuals have already undergone 
gene transfer in experiments involving more than a dozen diseases. The majority of human gene transfer 
protocols involve some form of cancer, rather than the treatment of inherited disease. A proportion is 
designed as "gene marking studies'* that utilize cells "marked" with an introduced gene to track the 
cellular origin of tumor recurrence. Retroviruses are employed as gene transfer vehicles in the majority 
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of protocols tTable 2). 

Although widely refcned lo as "c'.tnical trials/ gene transfer protocols to date are in truth smallscaie 
clinical experiments. Such exploratory studies are meant to test the feasibility and safety of . 
administering particular vectors and to evaluate the effects of expressing specific gene products. 
Because these studies have not been designed to measure efficacy, they do not include sufficient 
-controls to evaluate the true merits of gene. therapy or compare this approach with conventional 
approaches to the same disease. 

Only a few of these clinical studies are designed well enough to address fundamental. biological 
questions. Most notable^ are several elegant gene marking studies investigating the cellular origin of - 
tumor recurrence and other recent studies comparing the relative survival of cells of HlV-patienis 
simultaneously infected with different retroviruses-ineant to inhibit HiYcrcplicatipn.-T^ 
tiesigned studies greatly^ increase the information-ihar:mayJ>e:extractediicomxai3cful clinical experiments 
involving only a few patients. 

Upon reviewing -the. status of clinical protocols approved for gene transfer the Panel miade several 
observations: 

• Efficacy has not been established for any gene therapy protocol. For example, the adminisuation 
; 's: : of PEGAD A (a preparation of the eruyme adenosine deaminase that is stable tn vivo) to patients . 
with adenosine deaminase deficiency, though clinically appropriate in light of its demonstrated 
efficacy, complicates evaluation of patients initially treated with retrovirally transduced 
Jymphocytes.and infants more recently treated with transduced cord blood cells. Furthermore, the 
atypical, raider mild clinical symptoms of some of the first patients before the experimental 
. - procedure ftcgan complicates any assessment of its effects. In the case of gene transfer for another 
- disorder, treatment results in five patients with homozygous familial hypercholesterolemia were 
.-"-.jndbnsistentand disappointing;withonly slightx>r:no changes in cholesterol metabolism and levels. 
«• 

. ;# . Adverse short-term effects related to gene transfer protocols appear to vary, depending on the 
nature of the virus used as a vector and the patient to which it is administered. For example, the 
uscof retroviruses in patients with adenosine deariiinase deficiency^ 

. . : / been associated with any . obvious adverse: effectsr- However^-adrninistratioa of high titer adenovirus . 

- - - vectors to patients ,with cystic fibrosis has beenzassociated with-saveccJiost inflanMnmor^ . . 

responses. 

. Because clinical cxpcrienceis still so limited, it is not possible to exclude longterm adverse effects 
of gene transfer therapy, such as might arise from mutations when viral sequences randomly 
integrate at critical sites in the genome of somatic cells. It must be noted that multiple integration 

- .; .vcYcnts;resulting from repeated administration of large doses of retroviruses theoretically pose a i 

- . risk for leukemic transformation. Only longitudinal clinical followup of treated patients can 

provide data on the long term safety of gene therapy protocols. 

• Assessment of the results of gene therapy protocols has been hindered in the majority of studies by 
the low frequency of gene delivery to target cells and the lack of definable biochemical or clinical 
endpoints. 

• Expectations of current gene therapy protocols have been oversold. Overzealous representation of 



O 



clinical gene therapy has obscured the exploratory nature of the initial studies colored the manner 
in which findings arc portrayed to the scientific press and public, and led to the widely held, but 
mistaken, perception that clinical gene therapy is already highly successftiL Such 
misrepresentation threatens confidence in the field and will inevitably lead to disappomtment m 
both medical and lay conununities. 

Of even greater concern is the possibility that patients, their families, and health providers may make 
. unwise decisions regarding treatment alternatives^ holding out for cures that they mistakenly believe are 
••just around the coma^." For instancc/patients with cystic fibrosis may be less vigilant about pulmonary 
management or a couple at risk for producing a child with a lifethreatening genetic disorder may base 
reproductive decisions ou unrealistic expectations of gene therapy. These reallifc scenarios illustrate 
how patients and their families are placed at risk if the information provided to them is overly optimistic 
- regarding the actual development of successful gene therapy. 

In view of these and other difficulties, the Panctconsidered the apprt^ijatcness of clinical studies of 
ogcnc therapy at this time. The consensus view of the Panel is that cfinicahshidies are warranted for 
several important reasons-precisely those that distinguish basic and clinical investigation: 




f Although primate.experiments might substitute for some-huinan studies, ihey-entail 
cxttaofSn^ costs- for meeting animal care needs, and are rot entirely adequate for addressing many 
key issues. 

• Animal models are not satisfactory for studying many important human disorders, including cystic 
fibrosis, various*cWcrs, and AIDS. Therefore, human studies are necessary to develop effective 
trcatmentsibr theSc and many other diseases. 

• Clinipal gene therapy studies reveal problems and raise questions that cannot be otherwise 
..anticipated. For example, in the cystic fibrosis.stud'-:s die magnitude of the host response to adenoviral 
vectors- was underestimated.-This realization has directed research efforts toward engineering vectors 

^at cannot express viral gene products and moduluung host responses phanmacologically. Such research 
- may have a substantial impact on gene therapy:approaches to other diseases, 

• .Gene therapy clinicsJ research may provide insights into fundamental ^disease pathology th^ may 
direct subsequent treatment approaches. For example, results from gene marking studies permit 
investigators to design strategies for ptu^ging residual cancer cells from the bone marrow of patients. 
Reciprocal and synergistic relationships between clinical studies and basic research may emerge from 
initial clinical gene transfer studies. 

-Many of the issues faced in bringing gene therapy to clinical practicc:arc encountered when any.' recent^ - 
discoveries are applied to the management of disease. The success of such endeavors (often termed 
"transIaUonal research**) relies on the quality of the underiying science, the care with which clinical 
protocols are designed, the melding df different disciplines and strategies into a cohesive approach, and 
the capacity of investigators to bridge science and medicine. Research at the interface of frontier science 
and patient care is challenging, and requires that investigators have broad training and biological 
perspective. For this and other fields of clinical investigation to succeed, high standards of experimental 
design and robust methods for evaluating clinical outcomes are needed. In the PaneFs judgment, many 
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ciintcal gene therapy studies thus far have not met these standards. 



Recommendations: 

I . The Panel insists on the adherence to rigorous standards for what constitutes appropriate and 
meaningful human experiments or clinical trials. Inadequacies of many clinical studies to dace result 
from insufficient attention to research design, poorly defined molecular and clinical endpointSv and lack 
of rigor All studies should define molecular; biochemical,-and quantitative clinical endpoints. They also 
need to address specific hypotheses, enabling investigators to interpret negative as well as positive 
findings. These standards are no different from those required for other forms of translational clinical 
research. Relaxed standards arc unacceptable and cannot be excused by unbridled enthusiasm for this 
treatment modality. 

2. The Panel endorses efforts to. develop broadv interdisciplinary trainiiig^p'rograms in clinical (or 
translational) research (sec below). Training of clinical in vestigators-wiih broad iexperiences in 

^biomedical and clinical activities, including biostatistics; will benefit not only the immediate field of 
gene therapy, but also other areas of translational research. 

3. The Panel urges gene therapy investigators and their sponsors-be they academic, goyemmental, 
private, or industrial-to be more circumspect regarding the aims and accomplishments of clinical 

. .protocols when discussing their: work with the scientific community, the public, and the media. 

Research training and public education 

The developmentj3f:Successful gene therapy approaches necessitates involvement of multiple research 
and clinical.disciplipes. Few basic scientists arc broadly educated regarding the clinical challenges. 
. Similarlyj\n5any clinical scientists, and particularly practicing clinicians, are not sufficiently informed 
rcgardingihe scientific problems faced in gene ther^y. As the field of gene therapy expands; the need - 
for appropriately trained professional personnel, including basic scientists with familiarity of disease 
pathophysiology and medical scientists and physicians with an appreciation of the complex basic 
science issues, will become even greater. 

We caimot predict when the clinical benefits of gene therapy; will be r^alizedi^The Panel senses that the 
public has little understanding of the enormous challenges inr the fields '^d^tnayvbelieve its day has 
^already come, or is at least inunincnt Raising such false hc^ threatens public support particularly if 
^effective thers^ies for more conunon disorders are not quickly delivered, and may encourage patients 
and their families to make unwise'decisions regarding their treatment options. Scientists, clinicians, 
scientific joumalists,..and the press need to devote more^attention to responsible, public education 
regarding the current status and prospects for gene therapy. 

Recommendations: 

i. the challenging issues faced in clinical applications of gene therapy are common to different areas of 
medicine. The Panel reconunends vigorous support of programs at the postdoctoral level that will 
combine rigorous training at the interface between clinical and basic science. These programs, which are 
envisioned to include both M.D. and PfuD.trained individuals, should not be restricted to the field of 
gene ther^y, but should encompass translational research of all kinds. Mechanisms for physician 
training in this area could include the use of career development awards based on a program 




announcement. 



-» The Panel recommends a concerted effort on the part of scientists, clinicians, sacnce writers, research 
advocates, research insuiutions. and ihcprcss to inform the public regarding not only the great promise 
of ecne therapy but also current realities. This program of education needs to stress that some time will 
be Acquired to develop the science of the field and to translate these advances to clinical practice. 

3^The Panel urgcS those who care for patients and provide advice regarding treatment and reproductive 
options to present the current capabilitiesof the gene therapy field in an honest and restrained manner. 
Otherwise, patients and their families may fail to utilize more conventional Uierapies froin which they 
may receive substantial clinical benefit or choose reproductive options based on iinrcahstic expectations 
of curative gene therapy. 

Resources 

Genetherapy depends on multiple resources for generation of approved vectors for clinical use and for 
.clinical managcmcntof treated patients. A perceived impediment toihe initiation of clinical protocols is 
the high expense of producing viral vectors that meet good manufacturing practice (GMP)standards. 
Production of retrovirus for clinical use costs S 100.000 or-more. an anaount beyond the budget of most . 
laboratories or academic institutions. In most instances, vectors have been prepared on contract^ often by 
industry; In response to requests from thegene thcrapy community^orrcsoufces^^for-yectOTproducuon: 
the NIH funded three central vector production facilities. These sites represent a modest NIH investment 
in this area that cannot realisticallv fulfill all rcquests for vector production. Uncertainties regarding 
which vectors may be best suited for specific clinical studies argue against establishuig a large national 
infrastructure fo^^ctor production. Instead, the use of the recenUy funded program should be critically 
evaluated and ass^d:pcriodically. Meanwhile, the veaor production sites should pay particular 
attentioiuo'applications requesting vectors foruse in protocols that emphasize ngorous expenmenul 
design and die testing of hypotheses, rather dianlhosc thatduplicate efforts of other uistituuons 
Furtherriiore. the relative costs of vector production at the NIHsupported sites should be carefully 
«>mpared with those incurred in pnxlucing vectors under contracts to industry. Only then will it be 
possible to dctennine the value of the NIH's investment in vector production. 

Resources currenUy exist at many institutions for the^peifocmancc of dinical^tudies related to gene 
Uieiapy. The NlH-supported general clinical research centers.<CeRCs)jeprescma highly appropriate 
resource for the community. 

ReccHnmendations: 

. I. The Panel does not endorse the expansion of the NIHsupported vector core program at this time. The 
need for additionalTesoufCCS in this area should be reexainined penodically. 

^ For clinical snidies, the Panel urges that investigators make efficient use of NIHsupported GCRCs. 
Thcse centers have been established to promote research at the interface of clinical and laboratoty 
sciences and are well suited for use in human clinical trials. 

Grants and review process 

If eene therapy is to develop as a practical and useful treatment option, major improvements in diverse 
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areas-including vector systems, gene expression following gene transfer, identification and manipulation 
of stem cells, generation of appropriate animal models of human diseases, and study of disease 
pathogenesis-are needed. The Panel discussed the relative merits of different strategics for promoting 
fcscaich excellence. Would needs be best served by establishing additional centers for gene therapy, 
perhaps organized around specific diseases or organ systems? Or should gene therapy research proposals 
compete more directly with odier forms of research for funding? To what extent do grants in the field of 
cene therapy receive a fair review, especially given the multidisciplinary nature of^the studies?. In the. 
Panel's judgment, the best way to foster high quality research and innovation is through competiuve 
peer review, rather than by reliance on special support mechanisms. 

NIH hasalieady provided the field of gene therapy with aft appropriate start by support of gene tfierapy 
centers and specific requests for applicauons (RFAs). The Panel believes that the current level of 
research support for this area of biomedicine isappfopriaie4it.tbisJime;,and;5uggcsts that funds for 
. future efforts be allocated on the basis of tradiu<JnaIi)ecr review to^nsure^hatcurrcntproblems in <he 
field are addressed critically. The adequacy of funding for*linica!-pcotocals:;ipaiticularly outside the 
NIH campus, has been difficult to assess: since 4i substantial proportion of support is currently provided 
by industry. We see no indication that clinical applications in the field of gene therapy are being held 
back by inadequate financial support. 

Recommendations: 

1. The Panel endotscsr efforts to ensure that rigorous peer review of gene therapy is imposed at all levels. 
from basic research to clinical trials. 

2. To guarantee s^nd review of gene therapy proposals, particularly tfiose which include clinical 

- studio; the ganel ^es that membership of NIH sttidy sections be broadened so that thcy are better able 
to revicWib<Hh basic and applied aspects of projects. This view is in agreement widi the 
recommendations of die committee chaired by Keith^amaraoto that recently evaluated the peerneview^ - 
system at the NIH. 

. 3,The Panel recommends that gene therapy research compete directly widi all other forms of therapeutic 
research for funding. Because different approaches*nay Jead tb^uccessfiUoreatment of disease, it would 
be unwise to focus only on one approachi Such as^geneitherapy, fotrspeciatsupport. 

4/Thc Panel opposes the formation of 'study sections dedicated to the review of proposals in the area of 
gene therapy. If high standards are to be met, research in this area needs to compete widi that in other, 
fields of biomedical science. 

5: The field of gene therapy should be reviewed periodically to assess wheUier the investment by NIH - 
should be increased or decreased. 

6. To stimulate truly innovative research, die Panel reconunends that several Instimtes of NIH pool 
fimds dirough the R2 1 grant program for short pilot projects focused in specific areas, including vector 
design and expression of transduced genes, animal models of disease, and stem cell biology. 

7. Althoueh it did not formally evaluate the role of RAC. in evaluation of clinical protocols, the Panel 
recognizes the need for continued review of the safety of gene dierapy by expert scientists. 
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Role ofindustry in gene therapy research and cUnical activities 



Industry substantially innucnccs gene therapy. The field includes both small biotechnology firms which 
have emerged as a result of activities of acaiiemic or NIH investigators, and larger biotechnology 
companies and traditional pharmaceutical corporations. In toto. the research support provided by 
industry exceeds that of NIH- Therefore, industry plays a major role in the area of gene therapy, one that 
is certain to increase in future years. 

- Industry has important attributes that recommend its active participation in gene therapy. Rrst. industry 
is skilled in translational research and the development of dnig products. Second, it has significant 
experience in tnecting high manufacturing and quality control standards, and maintains a professional 
staff dedicated taregulatory and clinical issues. Third,.a high level of scientific and technical expertise 
characterizes modem biotechnology and pharmaceutical^rompanies. 

Several companies have ongoing research programs developingrimproYed^veetors for gene deli very, and 
- better systems forexpression of foreigagene^. Moreover, industry has been the major supporter of many 
. vof the^pprovedxlinical protocols,;* is axiomatic that success for biotechnology or pharmaceutical ^ 
companies will be equated with the development of FDAapproved, clinically efficacious gene transfer 

, treatments foe disease. Industrial efforts will focus where the perceived use of the product is greatest, . 

. and likely to yield high profits. Hence, industry will tend to concentrate on common diseases, such as 
cancer, rather than rare disorders. This imbalance^has not been evident thus far, as some companies are 
studying rare diseases initially, aiming to demonstrate proof of concept. For example, industry is 
supporting clinical studies of adenosine deaminase deficiency. Fanconi's anemia, and cystic fibrosis. 
Once clinical effiqacy of gene therapy procedures is demonsuated for specific, infrequent disorders, 
however, it can ^anticipated that market forces will drive industry's involvement toward conunon 
diseases for whichipatient populations are large. 

Industry4S:C0llaborating with academic institutions across a wide spectrum. On the whole; this - 
involveiAent is healthy and complements NBHsupported research. For example, industrial partners have 
prepared GMPgradc vectors for manydinical studies at academic institutioris. The development of gene 
. therq>y as a clinical activity is threatened, howcv^er^ by potential conflicts among the demands of good 
science and the goals of academic researchersv.cKnicians; industry,:and,it&inyestors. The field is at risk 
. * to thecxtent thatthc prcmatureinitiation.of clinical;studies and <>verzeaIous;^uncritical reports of clinical 
results are used by industry to pronK)tc tnvcstmentar»d5)ercciyedr«searehedonMnan^ likewise, if die - 

- <*jcctivity and integrity of academic investigators associated with specific companies is undermined as 
they seek to maintain their industrial ties, the field will be jeopardized. Dedsions regarding diseased to 

- be treated need to be made by investigators on scientific rather than financial criteria. Although the 
problems of conflict of interestinthe field of gene therapy do not differ substantially from those ... 
encountered in odier fonns.of<:linical research, the wide publicity given to clinical gene th^y efforts 
raises the potential stakes for both academic investigators and those at companies. 

For the funire development of the field it will be important that issues of proprietary control not limit the 
development of clinical protocols. The Panel heard several presentations that described logistical 
difficulties encountered in gaining industrial approval to perform clinical studies in which cytokines and 
other reagents were to be obtained from several* often competing companies. These obstacles would be 
reduced if mechanisms were developed to facilitate the dissemination of useful materials for clinical 
trials. 
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In U»c opinion of ihc Panel, ii is premaiurc to asses:. A hat impact, if any, the licensing of a broad paiem 
to a single company for ex vivo gene therapy will have on the field. The Panel is concerned, however, 
that broad patents of this kind will ultimately retard implementation of successful gene tterapy protocols 
once they are developed. Additional snidy of die impact of patents on the development of the field will 
be necessary. 



Recommendations: 



i.-Thc Paneturges theNIH to maintain support forpeerreviewed research in gene therapy and clinical . 
triaisi panicularly in areas that may not receive attention from the industrial sector, such as the 
development of gene therapy for rare inherited disorders. 

. 2. NW should encourage collaborative arTangementsahat«)mplement^Nftfeupptorted research. Industry 
vcan play an important i»Ie in.providing GMPgrade-vectors for clinical 4estingai!a in designing clinical 
trials that meet rigorous criteria for efficacy and regulatory standards. 

. 3: The Panel urges die NIH to develop and implement mechanisms that wouldfacilitate the distribution 
and testing of adjunct materials (e.g.. cytokines) for use in gene therapy. 

Intramural NIH support of gene therapy 

The first human gene transfer experiments were performed at the NIH. and have engendered excitement 
within die Intramural Program. At present, more Uian 100 Intramural investigators are engaged in 
research peiiainin84o gene dierapy. A much higher proportion of the NIH Imramural research budget 
than the Extramuwl budget is devoted to gene dierapy. according to information provided by the 
Institute Directors ^% vs. 1% overall): Newcollaboratiye arraiigcments widiin die Intramural Program 
aic-cmer^ng. ainical protocols addressing seveial different disorders, including Gaucher's disease, 
diionic granulomatous disease, Fanconi's anemia, and cancer, have been approved. 

In their presentations tatficPanel, Institute CHrectors discussed and spoke highly of research programs 
in gcnethcrapy. Of these presentations two aspects are noteworthy. First, tfiere appears to be littie . . 

-coordination of research across Institute boundanes^sudt tharduplicativeseffoits^are inevitabte. Second. 
muclM>f the research utilized sinular, yet inadequate; vector«ystemSi Which^crertailored to deUvcr 
genes to die tissue of each Institute's interest. lalhesc^^fespect^fatramuralwsearch does not differ from 
that taking plaix elsewhere. Research of this kind, however, is uiilikely to provide innovative advaroes. 
Institute Directors should be encouraged to.suppoit innovative research approaches, whether they be • 
Intramural or Extramural, in whaieverrield of endeavor, even if Uus leads to dcemphasis of gene dierapy 
research witfiin an Institute; thev should resist the temptation to fill the "portfolio" witfi research that 

. appears "hot- but may lack a sttong scientific basiior likelihood of success relative to o^ 

The Qinical Center of die NIH campus is a superb resource for die execution of clinical investigation at v 
all levels. Witfi a new clinical center, currently under development, die NIH would be a^urcd firstratc 
facilities well into die next century. The NIH Qinical Center and its staff have proved effective over die 
years in attracting and maintaining a patient base representing a wide spectrum of diseas« inchiding 
many rare, inherited disorders. As such, it is an excellent resource, botfi for die Intramural Program and 
the country- The recent decline in patient occupancy in die Qinical Center is a cause for concern, whrch 
is being appropriately addressed. It is hoped diai erosion of the excellent patiem resource b^ of the 
NIH will not occur, so tfiat clinical investigation in die Intramural branch will not be jeopardized- 
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Recommendations: 



I. The Panel apprcciaies that the concentration oi talented basic and clinical investigators on the NIH 
campus provides an extraordinary resource for gene therapy research. However, bener coordination and 
. scientific review of gene therapy research throughout the NIH campus is needed. Improved coordination 
.: 'and review will foster research excellence and reduce duplication of effort ata time of budgetary 
constraints. 

2^ The: Panel urges Institute Directors to include gene therapy within their portfolios only when there are 
compelling scientific reasons. Accordingly, they, should resist pressures to include gene therapy (or any 
other) research to "round out'' their programs or compete with other Institutesv lnstimte Directors should 
. , take the lead, where it seems appropriate; to focus*efforts^n:xeseareh iff;gene. discovery, diagnosis or 
.>^disease^athogenests and await furtherdcvelopments in vcctortechnology*eforc expandir^ genc 
therapy programs. 

r. 3.-The Panel endorses the efforts of the Director of the Clinical Center to develop strategies to maintain 
the superb clinical base of the NIH Intramural Program. 



Selected references for further reading: 
Cystic fibrosis: ^ 

.Gnibb, B. R. et al;^nefficient gene iransfcr by adenovirus vector to cysti:: fibrosis airway epilhelia of 
mice anAhuman. Nature 37 1 : 802806, 1 994. 

• Knowles, M..R. et al. A doubJe-blind vehicle-controlled study of adenoviral vector mediated gene 
transfer.in the nasal epithelium ofpatients with cystic fibrosis. New Engl. J. Med. 333: 823831: 1995. 

Adenosine deaminase deficiency: 

Blaesc R M,ct al. T Lymphocyte-directed gene therapy fSr ADASCID:anifial trial results after4 years. 
Sdcncc 270: 475480. 1995, 

(Fordinical histories of the ADA^eficient patients in this study, sec Hershfield, M. S., Chaffee, S., and 
Sorensen* R. U. Enzyme replacement therapy with polyethylene glycoladenosine deaminase in 
adenosine deaminase deficicncyiovcryiew aiid case reports of three patients; including^two now 
receiving gene therapy. Fed. Res. 33: S42S48. 1993.) 

Bordignon, C. et al. Gene therapy in peripheral blood lymphocytes and bone marrow for 
ADA-inununodeficient patients. Science 270: 470475. 1995. 

Kohn. D. B. et al, Engraftment of gene-modified umbilical cord blood cells in neonates widi adenosine 
deaminasedeficiency. Nature Med. I: I0I7I023, 1995. 

Hypercholesterolemia: 
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Grossman. M. el al. Successful ex vivx> gene therapy directed to liver in a patient with familial 
hypercholesterolaemia. Nature Gen-t. 6: 337340. !994. 

(also sec Brown. M. S. ct al. Gene therapy for cholesterol. Nature Genet. 7: 349350. 1994.) 

. Grossman. ei al. A pilot study of « vivo gene therapy for homozygous familial 
hypercholesterolaemia. Nature Med. 1: 1 1481 154, 1995. 

Marker, DNA vaccination, and other studies: 

Rosenberg. S. A. et al. Gene transfer into humans-immunoiherapy of P^S^^^,^^* advanced ^^^^ 
using tumor-infiltrating modified by retroviral gfcncaKmsductiom Ncw.EngLXMed. 323: 570578. 1990. 

BrcnncrAl. K. et al. Gene-marking to trace origan of-relapseiafter autologoUJ^ne-mairow 
transplantation. Lancet 34 1: 8586, 1993. 

Rooney. C M. et al; Use of gene-modified virus-specific T lymphocytes to control 
Epstcin-Barr-virus-related lymphoproliferalion. Lancet 345: 913. 1995. 

Nabcl. G. J. ct al. Direcf gene transfer with CNA-liposome complexes in melanoma: expression; 
biologic acuvity.and lack of toxicity in humans. Proc. Natl. Acad. Sci. (USA) 90: 1 13071 131 1, 1993. 

Dranoff. G. et al. Vaccination with irradiated tumor cells engineered to secrete murine 
granulocyte-macrophage colony-stimulating factor stimulates potent, specific, and longlastmg 
anu-tumor immun'^y. Pjoc. Natl. Acad. Sci. (USA) 90: 35.393543, 1993. 

Ulir.er. jT B. et al. Heterologous protection against influenza by injection of DNA encoding a viral 
protein. Science 259: 1745 1749. 1993. 

Recmt review articles: 

Friedmann. TvThe promise and overpromisc ofJhuman^n©Jhcrapy. Gene^fTher- 1: 217218, 1994: 

Yu, M.. Poeschla. E., and Wong-StaaLF. Progrcsstowanls gene dKJrapy for HW infection. G^^ 
Therapy 1: 1326. 1994. 

Table I. Vector systems in use or under consideration for gene tiierapy 



System 


Advantages 


Disadvantages 


Accumulated 
Experience 


Current or 
Projected 
Application 
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Retrovirus 


Efficient cntry. 

C'lllClcni^ piCUIviui/i^-. 

and stable integration 
into host cells. Biology 
is well understood. 
Slight 

immunogenicity*- No 
viral genes in vector. 


Low titer. Limited 
insert size. Infection 
limited to dividing 
cells.Expression 
difficult to control and 
stabilize. Potential for 
genetic damage*. 
Expensive, complex to 
prepare and validate. 


Extensive 


Marker studies, 
ex vivo ^ 
treatments, 
particularly for 
AIDS and 
cancer. 
Vaccines- 


Adenovirus 


Efficient entry into most 
or all cell types. High 
titers. Hign levei oi 
expression. (In 
principle) no integration 
of DNA*. Can infect 
stationary cclls. 


Vectors contain many 
viral genes. Highly 
immunogenic, 
stimulating both B^and 
T cell responses. 
Unsuitablcforstem 
cells. Factors 
controlling iropism 
poorly understood. 
Generation of 
replication competent 
virus. 


Modeftte 


Localized in 
vivo treatments: 
cystic fibrosis, 
muscular 
dystrophy, 
cancer. 


Adeno- Associatid i 
Virus 


Integration at specific 
sites*. 


Requires replicating 
adenovirus to grow. 
No helper cell line. 
Specific integration 
probably does not 
occur in absence of 
viral genes. Very 
limited insert size, j 


Moderate 


Similar to - 
adenovirus. 

j 


Herpesvirus 


High liters. 
Nemotropic*. 


Complex construction. 
No packaging cell 
lines. 


Slight ; 


Neurologic j 
disorders. i 

■ 


Poxviruses 


High titers. Large. insert, 
size. High expression- 


Highly immunogenic. 
Similar to adenovirus ^ 
and herpesvirus. 


Moderate 


Localized, j 
transient in vivo ! 
treatment * 


Naked DNA 


Easy to prepare in 
quantity. High level of 
safety*. Virtually 
unlimited size. No 
extraneous genes or 
proteins to induce 
inunune response. Lack 
of inteeration*. 


Very inefficient entry, 
upt^e into nucleus. 
No mechanism for 
persistence or stability. 


Moderate 


Topical ; 
applications* 
mechanical and * 
accessible (skih, : 
vascular, 
pulmonary, 
endothelial 
cells). 
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Facilitated DNA 
(c.g.^ liposomes) 


Sanie as DNA. More 
efficient uptake than 
DNA, Protected from tn 
VIVO Targetable to 
specific cell types*. 


Targeting not yet 
achieved. No 
mechanism for 
persistence or stability. 
Inefficient entry. 


Slight 


As for naked 
DNA. 



* Denotes theoretical advantage or concern, but one that has not yet been adequately tested. 



Table 2. Delivery Vehicle of Clinical Gene Transfer 
Studies 



1 System .4.:-' 


#iOrWotOCOIs 


I^erqenitage 


Retroviras vectors 


76 


71.7 


Adenovirus 


15 


14.2 


Adeno-assoctated viruses 


1 


0.9 


Cationic liposome complex 


12 


II.3 


PlasmidbNA 


2 


i.9 1 



Table 3. Categories of Clinical Gene Transfer Protocols 



Category 


Lrisease/ LI tsoraer 


U i\t Prnl/M^nl^ 


1 Pprcc^nt 9 <r<^ 




Total 


20 


18.9 




ADA deficiency 


1 


0.9 




Alpha- 1 -antitrypsin 


I 


0.9 


Inherited 


Chronic granulomatous disease 


1 




Monogenic 


v^ysiic iiorosis 


1 1 


10.4 




Familial-hypercholesterolemia 


I 


0.9 




Fanconi anemia 


1 


0.9 




Gaucher disease 


3 


2.8 




Hunter syndrome 


1 


0.9 


Infectious 


Total 


8 


7.5 




Human inmunodeficiencv*' Virus* ! 


. - 3 .f =?■ 


7.5 


1 


Total 


2 


1 o 


HAcquired Disorders 


Peripheral artery disease 


1 


0.9 


1 


Rheumatoid arthritis 


1 


0.9 j 




Total Ant'sensc 


51 


49.1 




Chemopro:ection 




1.9 




Immunothcrapy/ex vivo 


4 


3.8 


iCancer (byapproach) 


Immun<Hhcrapy/in vivo 


23 


21.7 




Pro-dnig/HSV-TK/gancicIovir 


7 


6.6 






11 


10.4 


1 - * 


Tumor suppressor gene 


4 


3.8 i 


iMarfcio^ JProtocols 




25 


23.6 


|aH Studies 




106 


100.0 



Data from Debra J. Wilson. Executive Secretary, Subcommittee on Data Management, Office of 
Recombinant DNA Activities, NIH 
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Appendix B 

REPORT OF THE FIRST MEETJNG,.MAar;^i5-16, 1995 

•With Dr. Stuart H. Oricin and Dn Amo G. Mopilsky 5ervjn^asxo<^haiis>;:th<^^ to Assess the NIH 
Investment in Research on Gene Therapy convened for its first meeting on May 15-16, 1995, at the 
Nadonal Institutes of Health (NIH), Natcher Building, 9000 Rockville Pike, Bethesda, MD 20892. 
- During the course of the twoday meeting, panel mennbers heard from Dr:= Harold Varmus. NIH Directdfr 
. and more.than 20 additional NIH representatives. Dr. Varmus delineated the panel's mandate- and other * 
NIH staff members described current extramural and intramural programs supporting or otherwise - . 
affecting research on gene therapy. 

Panel Mandate-Dn Harold Varmus, NIH Director 

Despite many challenges since the first gene transfer experirhents were undertaken in microorganisms, 
biomedical researchers have made considerable progress toward realizing genebascd therapies for 
human disease. Although clinical application of this emerging technology is still in an early phase of 
development, since 1988 the NIH Recombinant DNA Advisory Committee (RAC) has approved more 
than 100 protocols that involve tests of gene transfer or putative gene therapy procedures in clinical 
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seuings. Another paneL the Ad Hoc Review Committee of the RAC, which is chaired by Inder Verma of 
the Saik Institute, is examining how RAC functions in its role as reviewer of proposals to conduct 
clinical trials involving such gene transfers. 

In the aggregate, NIH invests nearly S200 million annually in programs supporting and overseeing gene 
therapy research. Despite enthusiastic interest and early signs of safety and biological feasibility, 
. *howcver,:evidence for therapeutic benefit to patients is meager^ Moreover, opinions vary^as to whairgene 
- delivery systems will prove effective over the long term, and there arc unsettled questtonsas to which 
diseases are appropriate targets for gene therapy during this phase of its deyelopinent 

The mandate for the Panel lo Assess die NIH Investment in Research on Gene Therapy is to review 
*- broadly the gene therapy research enterprise, considering (i) current and proposed investments by NIH : 
. centers and institutes in gene therapy and related disciplines; (iiHevelopments^fecting gene therapy in 
•the wider community ofiacademic, govemmen^viandindustriaJ Iatx)ratorie5^ndtiii) evaluation of the 
-NIH investment in the context of other support for gene: therapy^scamchtrparticulariy from the U,S. 
biotechnology industry and also from outside the United States. 

From this comprehensive review, the panel is expected to devise a set of reconunendations on 
NIHsponsorcd gene therapy rcsearch-not a rigid plan-ta be presented at the meeting of the Advisory 
Conunittee to die Director, NIH, in December 1 995. The recommendations are expected to help in NIH 
. budget and prograni planning /or FY 1997 (and, toa limited cxtent:FY' 1 996Vby addressing specific - 
questions, including the following: 

• How should:funds and efforts be distributed among areas such as gene delivery system 
dcvcIopmejitr:genc expression, biology of target cells, pathophysiology, and animal models of 
disease? 'J 

• -What diseases* and organ system targets-should be emphasized during this period Of gene therapy's" 
development? 

• What funding mechanisms. will be.most effective to.meet.spccific program needs? What should be 
the roles of Requests for Applications (RFAs)rccnters::theJ^ inuamuratprogram; pilot 

. . . production facilities for developing and handling gencSi:vectors,^andtarget cells; and training - 
programs? 

: . #. How. should NIH deal with policy issues such, as patents and licenses, and what are the needs for 
public and professional education on the science and ethics of gene therapy? 

The panel is also encouraged to make additional recommendations, on how NIH might coordinate 
interdisciplinary gene therapy-related activities. Forexample,- should NIH consider^setting up atentral^ ' 
coordinating office for such research? Moreover, the panel should also examine the impediments to- 
progress in this field. In a broader context, panel members arc reminded that the overall NIH budget is 
not likely to grow but is more likely to stay flat or be reduced in the near future. Hence, if increases in 
gene thmpy research are deemed valuable and necessary, they will necessarily come at the expense of 
other programs. 



NIH Staff Presentations 



More than 20 NIH staff members presented inform'^.:on to the panel describing extramural and 
intramural programs that support or are otherwise relevant to the conduct of gene therapy research. 
These presentations ranged widely and included descriptions of major and more modest basic and 
clinical research programs being supported by several institutes and centers, information about grant and 
contract support mechanisms that may be applicable to future extramural gene therapy programs, 
available oncampus facilities and current research programs, plans to support a new vector and gene 
delivery development program. RAC's procedures for conducting-reviews of clinical rprolocols and its: s^^-.-^;^: 
experience developing a database for gene transfer clinical trials now underway, andxurrent U.S. patent .7. 
and licensing policies affecting researui in this field. 

The National Heart, Lung; and Blood Institute (NHLBI) ($53 million); the National Cancer Instinitc 
-.(NCI) ($10 million); the National Institutc of Allergy and Infectious Diseases (NIAID) ($16 niillion); - . 

^d the National Institute of Diabetes and DigestWe^anddQdncy Diseascsi(NIDDK) support the largest 
T cfforts in gcnc therapy reseaich^with seven othei3institutcs:sponsoringsraall^^ - - 

the National Center for Human Genome Research,^inxooperation^ith-.rcscsarch^ from several other 

institutes, is developing basic and clinical research projects strictly as part of its intramural program: r 

The NIH intramural program, from which the first several clinical protocols to be approved arose; 

.continues to have a strong focus on geneiherapy research. The wide variety. of projects on the NIH . , 

. campus to study disparate diseases, particularly rare disorders: specialized facilities, including 
/ stateoftheart human stem cell -processing and transfer technology; an emphasis on highrisk, lab - s-::r^^, 

bench-to-bedside research at the clinical center, a concerted effort to reinvigoraic the intramural 
program that features stringent staff reviews and a new tenure track system; and recently mandated 
incentives to encourage technology transfer from federal laboratories to the private sector are some of 
the reasons behin^Vbis focus. Recently, some 100 researchers in the intramural program formed a 
campuswidc^intereSc group. 

variety^f funding mechanisms is available for supporting gene therapy efforts through the NIH 
extramural program. Researchers may submit investigatorinitiated grant applications, usually. ROls, or - 
; prepare applications in response to RFAs. which invite investigators to submit proposals. forprojects in - 
NIHspedfied research areas: Typically/NIH commits funds for RFAs that It issuer 
receive special reviews^ Nonetheless, RFAs allow?considerable4atitudeibr^researchers at different 
institutions to establish innovative arrangenjenissand to^t^p collabora^ 

In addition, there is:a:nMre formal grant nniechanism for^^^ 

..centers atsingleJnstitutions or among several institutions in a "Centers without.Walls*! program^ Besides 
the^'granr mechanisms, the extramural program also can designate areas for competitive proposals to 

^ do contract research and development projects, usually with very specific targets. Beyond Aesestandard - 
funding measures, the NIH Director now has discretionary authority to transfer I percent of NIH funds ^ - 
for aparticular fiscal year into-research.areas.of special interest or Jiecd. - - -i.*—^ 

Additional research resources supported by the extramural program of the National Center for Research 
Resources (NCRR) are part of a nationwide research infrastnicture that already supports some gene 
therapy research activities and could be tailored or expanded to support additional efforts. For example, 
14 of 75 general clinical research centers, most associated with US, medical schools, arc conducting 
gene transfer trials. A biotechnology resource center now at Louisiana Stale University maintains an 
extensive, everexpanding database for human genemapping studies. There are seven regional primate 
research centers where gene therapy animal model studies can be conduaed. As part of a new resource. 

O 



three Insiituies (NCL NHLBL and NIDDK) will begin supporting in n)idl995 one io three nauonal gene 
vector laboratories, whose establishment is based on a S3-5 million seiaside for a joint RFA. 



Another important element of NIH s overall involvenient in gene therapy research is the role it plays in 
overseeing policy matters such as the review of clinical protocols. As of May 1995, RAC has 
recommended approval for 105 human gene transfer protocols, including 77 involving some form of 
cancer/ 19 involving various genetic disorders, and 8 on AIDS, Of this^otal; 25 are genemarking,. 
experiments without any direct therapeutic potential: RAC is now streamlining its review procedures, 
^ and full responsibility for several categories of review now resides with FDA. 

TheNIH Office of Technology Transfer (OTT) serves under a congressional mandate lo evaluaie 
research and technology supported by the intramural program and to take appropriate steps to ensure - 
that such intellectual property is further dcveloped;53raius/OTTAelps::iaidemifying patentable inventions 

' v and filing applications.xoordinating the devclopment:of coopcrativ^^areh^d.development : 
agreements (CRADAs) arid material transfer agreements widirrescarcheKmii^ or aruniversities, 
and arranging licensing agreeiflcnts with industrialpartners that seek to develop commercial products. 

. NIH researchers; primarily from NCI and NHLBI, have filed 8 Lgcne therapy-related patent applications 
(some of them diagnostic developments and others research tools). To date, NIH has completed 22r 
licenses covering gene therapyrrclated technologies. 

Panel Deliberations 

Panel members began to identify problems to address and their general approach for using the next two 
panel meetings. Inigeneral. the panel agreed to invite a total of 1 2- 15 expert speakers to the two 
mectings/one io]>6 held in Bethesda, Maryland, in July and the other in San Francisco, California, in 
August Speakers \j^ll be asked to address a scries of specific scientific issues affecting gene therapy 
research Jncluding gene expression: stem cell biology; viral vector and othergene delivery systems: 
clinical disorders that are targets for gene therapy approaches,^ including cancer, AIDS, and inherited 
discascs:''indu$try involvement; and patenting issues. Although an effort will be made to split the two 
meetings thematically,'with the first emphasizing basic science and the secondcmphasizing applied 
issues, other constraints from scheduling on relatively short notice may override that design. 

Thoinvitcd speakers, who may include leading cxpoiientrin^this field -andxriticsv will be as^^ to focus . . 
generically on an assigned topic, not merely tO'provide*a?summary,^f-arwndi«id«al's p^icular 
experiences relevant to the topic. In addition to presenting a statcofthcart summary on the.assigned 
topic, speakers will be asked to outline niajor problems or challenges relevant to the topic, including 
infrastrucmre and administrative matters, and to propose ways of solving some of those problems and 
encouraging progress in their particular subject areas; Speakers will also be asked to providcthe^pancl/ 
with a brief summary of important points they plan to make. 

In addition to making a general plan for the panefs next two meetings, panel members began to identify 
problems to address as they a^ss the NIH investment in gene therapy research. One issue thai the panel 
will consider, which is not unique to gene therapy research, is how different NIH institutes and centers 
divide resources between intramural and extramural programs. On average, the intiamural program 
budget is about 1 1 percent of the overall NIH budget, but there is considerable variation across specific 
programs and projects. Historically, the first few gene therapy clinical protocols were undertaken by 
researchers in the intramural program, and there is continued strong interest in pursuing such 
developments. Is that an appropriate strategy? 

O 




This issue is reiatcd to a more general question of how institutes and centers coordmatc overlapping 
oroerams in gene therapy research hoth across extramural portfohos and in the miramural program. In 
Lctical tenL, a quesUon for the panel may be framed as follows: Should several mstitutes and centers 
focus on a few seemingly tractable genetic disorders, such as cysuc fibrosis and Gaucher s disease, 
simultaneously supporting relatively comparable research approaches? Or should early efforts be 
-^directed more broadly and targeted for a much more diverse set of diseases . 

Other issues that the panel may consider include the following: 

^ . Should there be a special new snidy section to deal exclusi vely with gene therapy research and 
related scientific issues? 



-•^ Should efforts to support gene therapy l)cscaledbackiathecihart^^ ■ ■- ■ 

: « Arc rtxent RFAs issued foe spedalized gene vector, laboratories and- fongenc Uicrapy programs for 
- specific disoKlers appropriate at this time? What other diseases or technologies would be 
appropriate subjects for RFAs? 

• What should be done about closing the infonnation gap between the biomedical research 
. , coramunity-and the wider group of medical 
gene therapy? 

Future Meeting 

The second mcetili^^f the Panel to Assess the NIH Investment in Researdi on Gene Therapy is . 
scheduIcdfOT July 13-14, 1995. ar NIH. and the third meeting is scheduled for August 17-18, 1995. in 
San Francisco, Califomia. 
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REPORT OF THE SECOND iN^ETINGrJ^^ 13-14, 1995 

With Dr Swan H. Odcin and Dr. Anio CMotulsky serving as c<M;hairs: the Panel to Assess the NIH 
Investment in Research on Gene lUeiapy. convened for its second meeting on Ju'X »3-l4, 11995 at the 
National Institutes of Health (NIH), Building 31, 9000 Rockvillc Pike, Bethcsda, Maiyland 20892. 
• . During the coui5eH>f the two-day ineedng; psihel membcis hear*^^^^ 
community and the biotechnology industiy who arc developing gene vectors and woiking on clinical - - - ^ 
protocols in the field of gene therapy. In addition, die committee heard a prcsentauon ouUinmg the 
impact of patenting on diis field. The members of the committee also met for several hours m a closed 
session. 



Vectors: Technical Issues 

Initially, researchers have concentrated on developing viruses to serve as veaors for experimental gene 
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transfer and potential gene therapy procedures. Several types of viruses arc being studied for this 
purpose, with niost efforts focusing almost exclusively on retroviruses. Several other types of virus, 
including adenovirus (AV), adeno-associated virus (AAV), herpesvirus, and human immunodeficiency 
virus (HIV), are currently also being developed or at least considered for this purpose. In addition, some 
research groups are studying non-viral vectors, such as liposomes, cationic deiergentSi and other 
chemical ligands, for complexing and carrying DNA molecules into target cells. 

: ::Several experts believe that, eventually, these two separate vector strategies may converge as 
. researchers try to develop^synthetic or semi-synthetic: vectors that incorporate the useful features of 
. viruses and chemical agents^ Meanwhile, although specific strategies tabuild useful vectors have strong 
- ^advocates; no particular veaor has emerged as a clear.front runner. Each approach has itsown problerhs: 
and most of them also shaire problems. 

: For example, except for AAV, these virus -veaorsfintcgrateriandonJy/ifiatattftffKthe 
chromosomes. Moreover, transduction cfficienci^ for the vifusn^ectors^ary^idely-in part reflecting 
theirpoor ability to integrate into the chromosomes of resting cells. This problem may even affect HIV. 
despite a widely held notion that it can tnfect resting cells. Nonetheless, accordirig to Dr. Richard 
. Mulligan, some ofthe more recently refined retroviral -vectors efficiently transduce non-resting target 
cells, particularlyjf they carry lappropdate LTR sequences and selectable marker genes or, in some 
cases, specific promoter-enhancer sequences. 

Another general problem is that very little research has been done to incorporate externally controllable 
^enc sequences into viral vectors. For instance, regulated beta-globin gene expression is perhaps the 
most widely studie^i prototype. However, when this gene is transduced successfully into human cells 
growing in tissue bulture, its expression cannot yet be properly regulated. Some of these difficulties in 
attaining gene reguj^tion may arise because of the randonuiess of integration. 

Inimit becausergenefregulation questions are unanswaredi^determining the appropriate dosage levels for ^ 
viral vectors presents another major challenge. For example, according to Dr. Alan Smith, in clinical 
• trials involving patients with cystic fibrosis (C3F)» there is a concern that the vector and the CFTR gene 
product it carries may pose problemsJf they are delivered in too high doses. Because CMK is ordinarily 
effective in cells when present at very low levcis,'^Iow:doses o£the;transferred^ene may be required for - 
effeqtiye^ess and may be less likely to induce hostJnflain^^ ' 

. These.constderations raise a more general and potentially^^serious problemt^amely that viral vectors 
.may carry genes-etther theic own or the particular recombinant genes they are modified to carry-that 
elicit host inunune system responses* This phenomenon might interfere with the efficacy of gene therapy 
^procedures, possibly.cuitailing long-term expression of transferred genes and pnMbiting repeat 
julmtnistration of the therapeutic agent Other factors, such as counter selection of the transduced ceil by 
injmune or other mechanisms and the^randtornness of tntegraticHU may also contribute to apparent low' ' * 
transduction efficiencies and/or short-lived expression of transferred genes. 

Dr. Smith said that cationic lipid vectors are being improved and ik>w perform as much as S(X)'fold more 
effectively than naked DNA but are still less effective than is the AV vector in rodetit model systems* A 
potential advantage of cationic lipids is that they can be administered repeatedly to rodents. However, at 
high doses they induce some focal inflanunatory responses, albeit without evidence of eliciting 
Jitibodies or provoking T cell activation. Dr. Smith speculated that cationic lipids activate macrophage 
cells. 



Additional advanugcs and problems associated with specific vector candidates: 

• Retroviral Vectors Although retroviral genes have been extensively modified to ensure that these 
vectors cannot replicate and are unlikely to recombine. diis extensive nKxlification makes them 
that more difficult to produce. For example, sometimes several packaging cell lines are needed to 
l^uce the vectors, and these cell lines are difficult to derive and maintain. Integration of 
' ' < tetfoviral vectors into the host chromosome is tandom, and expression levels of die transgcnc vary, 
and often arc unacceptably low. 

* Iff addition^ host cell range tends to be narrow, although introduaion of genes from other viruses 
such as vesicular stomatitis virus (VS V) may help in broadening diat range: However, the presence 
of VSV genes may introduce new toxicity problems, leading to damage or killing of the host cell. 

- Adenovirus (A V) Seveial research group^;areuinvestigaung whethci^ystemati^^ 

, modification of A V genes can reduce host flammatory responses when^this virus serves as 9 gene 
vector. 

Dn James Wilson said that other approaches to controlling the inflammatory response are being 
considered: including production of antibodies to block T cell activation, use of agents such, as the 

: drug Cytoxan to block T celt proliferation, and use of cytokines to reduce or block production of 

neutralizing antibodies. 

Dr. Thomas Shenk said that several AV genes influence tumor formation in animal model systems 
and malignajit transformation of cultured cells. Thus, AV represents a potential problem when 
modified virions of die virus arc used as vectors, even though AV has not been observed to cause 
human tumoi^^ He also is studying the molecular and cellular events required for AV to recognize, 
' rbirta to, and penetrate target cells, and to deliver and integrate die genes it carries to die target cell 
nucleus. 

# Adeno-Associated Virus (AAV) AAV, when modified to serve as avector, lacks certain control 
^ seq"ienccs and has limited DNA (4.4 kb) carryingeapi:ity^acc^ 
. - ^ Moreover, he pointedout that die virus isriliffiCTlt taproduccSn: high^ifeis^^^ needs to be 
purified in cesium chloride gradients, a laborious^^proccdure;BecausSe^^A^ is site 

, . ' ^ific, atleast in Ae wild orpe, there is a qu^on^i^^ d«f vector will be 

- - possible because^follow-up doses may be routinely excluded from die AAV-occupicd site on die 

> host chromosomev In some researchers' hands, AAV has a very low transduction efficiency unless 
A V or AV genes arc also present 

Qinical and Animal Modd Studi€s:^Techiucal 

Invited speakers described gene dierapy clinical trials involving a range of diseases, including inherited 
conditions such as adenosine deaminase (ADA) deftciehcy and cystic fibrosis (CF), a range of 
mali^ancies^ and AIDS. Some of die justification for conducting clinical trials at diis relatively eariy 
stage of gene therapy's development is diat odier well-tried approaches have not yielded satisfactory 
therapies for treating diese usually de^ly diseases. Another problem* cited frcquendy in the case of CF 
and applicable to several other cases, is that animal model systems are far from perfect, sometimes 
making results from gene transfer experiments incomplete or misleading. 



Yet another set of problems entails uncertainties over the target cells for gene transfe • procedures. Dr. 
Arthur Nienhuis noted that several issues may help to account for low overall gene transfer efficiency in 
clinical settings. These include the phase of the cell growth cycle that a particular target stem cell may 
be in. the current unavailability of effective cytokines to regulate tfiat cycle, difficulties in stimulating 
specific viral receptor production by the cell, and problems in improving the transduction efficiency of 
target cells. Stiihulation witfi cytokines or. alternatively, the introduction of drag resistance markers and 
.subsequent use^of the corresponding drag may provide ways of expandiiigjspecific transduced target:ceJI ^ = ; 
populations. However; Dr. Nierthuis cautioned that such approaches are still at a very early, preclinical 
stage of development. 

Rcsultsfrom clinical trials so far arc limited. Relatively few patients have been treated; treasures oT 
biological responscare often not adequately-sensitive, except in cases. where host inflammatory - 
responses have been reported; die effects obsdpvedseemaoljcOTatierandahxsreporting of effects so far 
has been almost entirely anecdotal, rather than.irKpeer reviewed ptiblications;%^- 

According to Dr. Ronald Crystal. AV-delivered CFTR genes may be expressed along airways of CF 
u patients as many ayfour days^ter being administered; however, diat expression. is observed Jn only, a -.i-^' 
low^percentage of die patients treated. According to Dr: James Wilson, in oUier experiments involving 
CF.patients. expression of Uie GFTR gene is rare, not stable, but also not toxic. Although sustained 
expression is attained in knock-out mice, efforts to introduce the CFTR gene in otficranimalmodel 
.systems tend to induce immune responses directed to vector (AV) genes. 

Clinical results arc also variable in die few ADA patients who are partaking in gene transfer 
experiments, according to Dr. Michael Blaese. One youngster has been infused 1 1 times over 23 mondis 
wiUi her own T c^j^ter they were treated with a retrovirus carrying an ADA gene, and ADA+ T cells 
have p^isc^ for t^. years following die elevendi infusion. Hesaid diere is one copy of vector per 
peripherakTcell, and a positive signal -for circulating^ mRNA (earlier. Uiat signal was ■•int«»mittent"). A 
. complicafingfactoris tfJat PEG-ADA is still being administered to die patient, albeit in a low dose Uiat 
was established before she more than doubled in weight. 

The jesults for a second child under diesame treatment regime are more ambiguous but apparendy less 
promising. However, Dr. Blaese said diat direeotfieirchildrem«hose:cotd.blood}was treated at birth 

. show persistent expression of the vectorafter morcidian. l2:months following:ihecproceduie. In addition, . . . 
good expression of the. ADA letroviralwfclivercdsg^nc jvasflobtaintktl^^^ 

tfroitt two of diesc patients, suggesting that small skin grafts uiSng nrodified cdls nught be. M 

alternative means of delivering Uie corrective ADA (or other) genes. 

Results from gene transfer experiments^^involving AIDS or cancer patients arc scanty. For exaniplc. in. 
some cases Uie HIY*meraber of an identical twin^pair develops positive skin responses following a 
-gene transfer procedure, but whedierdiis chaitge will lead to clinical benefits is not yet known: . . .v 

Dr. Philip Greenbcrg also refers to "transient" antiviral effects and "proof of concept" in gene transfer 
experiments involving modified HIV genes in patients widi AIDS. 

A wide range of clinical experiments involving patients widi a variety of cancers is under way. Dr. 
Blaese said diere is some evidence of efficacy, such as tumor shrinkage in patients widi glioblastomas. 
Some of the protocols call for tfie gene transfer procedure to induce immune system responses against 
die tumOT. according to Dr. Gary Nabcl. In some cases, patients appear to go into long-term remission: 



in other cases, the effects are tninsienL Partial effects are commonplace in cancer treatment, and gene 
therapy approaches therefore may find acceptance as a useful addition to the therapeutic arsenaL 

Dr. Nabcl and Dr. John Mendelsohn pointed out that, in gene transfer experiments involving cancer 
patients, better measures of biological activity are needed. This need is particularly acute in early tests 
involving patients with advanced disease when other treatments and other clinical abnormalities make 
. assessment of a single experimental procedure exceedingly difficult 

. Responses to the question of whether the field is ready for clinical trials: 

t : • DrrMulligan: Too much ofcurrent research is "not worth taking to patients." The field needs 
"wise people to prune and avoid copy cat" projects. 

v Dr^ Smith: •'We don'^i know it won't worki&Regahling oncertoinues^abom 
' ' successfully targeting epithelial stem ccllsrin hunumtairways,^ 

be repeated because cells arc expected to turn over every 60^80 days: Also; problems have been 
seen in animal models whtte the transgenc was expressed in excess; transfectioa is inconsistent in 
' - -monkeys when high-dose^vcctors are tested but successful at low doses in cotton rats; and the goal 
is not specifically to achieve ^tem cell integration or to "duplicate" nature but to produce a "usefuP 
therapeutic agent. 

• Dr. Crystal: Through clinical trials, investigators are "Jeaming how to evaluate** the gene transfer 
procedures. In the case of trials involving CF patients, currently antibody-based tests are not 
. sensitive enough to detect the product of the transfccted CFTR gene: there are other difficulties 
with PCR-Based assays. Non-human primates, such as rhesus monkeys, are not a reliable model 
forCR 

. • DrrMendelsohn: Oncologists have taken drug studies as far as seems possible so the "new 
approach of gene transfer is exciting ... and needs to be backed." 

Dr. Shenk: If gene transfer procedures appear to work in animal models of some diseases, 
' particutady cancer, they arc probably ready/for clinical trials. Rycothciidiseases, such as CF. 
particular problems witfi vectors and gcnc^eliveryvcamc to^ light only*eCause of findings from 
' t: f early-stage clinical triahLSonietinicsiesearchcrs^are.una^ 
J . .. clinical trials and would not have known to?look for itdurinff animalTwcpferimcnts. Oiicc 
. ;.^prcciated, thc -phenonienon may better be studied in model systems. However; a moratorium on 
clinical trials is not warranted. 

Basic and Oinical Infrastructure and Training Issues 

- Speakers identified several areas of basic biology research that need greater emphasis: 

• better understanding of hematopoietic cells and of bone marrow transplantation; stem cell 
heterogeneity; lung epithelial biology; iiiflammatory responses: and apoptosis, which may prove 
important for treating diseases such* as cancer and AIDS; 

♦ better understanding of basic virology and numipulations needed to improve vectors and their 
delivery to appropriate cells in target tissues and organs or to tumors: and 



• better models for preclinical studies of disorders ihat may be subject to gene therapy approaches: 
however non-human primate models cannot replace clinical research because they are difficult to 
develop and costly to use. 

Speakers also identified several logistical and pragmatic barriers to overcome to foster progress in gene 
therapy research: 

' • Means are needed for producing high amounts of vectors of suitable quality for use in small-scale 
: clinical experiments; there is disagreement whether NIH should sponsor GMP vector production 
facilities. 

• More^ensitiveand reliable assays are needed for assessing the bioJogicaUctivity of transferred 
genes and clinical end points. 

• - Novel relations^ong government, industry; and acadeniieJnstifutions<A?(^ir be needed at the - 
research level and as novel, clinically useful reagents arc developed: more than 50 cornpanies are 
;said to be doing gene therapy-related research. 

• : Industry representatives referred to regulatory impediments and criticized the current clinical 
•:. protocol review process involving oversight by the NIH RAC and FDA. 

• Some participants raised the issue of conflicts of interesL 

• One speaker ^ggested that more international collaborations should be encouraged. 

Several speakers rd&rred to training needs, but there is not ftill agreement on the kind of training that 
should b^cmphasized. In general, paiticipants said they prefer rigorous training in basic scientific 
disciplines, even for young clinical investigators who want to work in the field of gene therapy. There is 
some sense that, if gene therapy develops rapidly into a successful clinical modality/new means will be - 
needed to integrate these approaches into the current system for delivering health care, which itself is 
rapidly changing. 

Patent Issues 

u Because man> patent-applications .pertaining to gene therapy technology are still pending, their impact 
.^onihis emerging field remauis difficult to predict, according to Ms: 

recommends that research institutions rely more omion-exclusive licensing agreements as a way of 
Aciicimiventing several potential (woblems and thereby not hindering the efficient development of this 

field. 

The U.S. Patent and Trademark Office (PTO) has issued several broad-based patents covering 
fundamental gene therapy technologies, including a patent granted to NIH and licensed exclusively to 
Gene Therapy, Inc., covering ex vivo gene thers^y and anodier patent granted to the University of 
Michigan and licensed exclusively to Genovo that covers any viral gene therapy vector carrying the 
CFTR gene, which is impaired in individuals with CF. 

Ms. Eisenberg said that these examples as well as other signs indicate this field of biotechnology is 
likely to be "more littered" vrith patents than is the earlier emerging field of biotechnology involving the 



discovery and development of therapeutic proteins. 



Ms. Eisenberg attributes this difference to the fact that universities and other research institutions are . 
being even more aggressive now than a few years ago in pursuing patent protection for intellectual 
property their researchers are developing. The Bayh-Dole Act, which specifies that such institutions may 
retain ownership in patents arising from federally sponsored research^ now provides strong incentives 
- for.pursuing patents— raising expectations in the luiiversiiy community that royalties from licensiiig . . 
•agreements eventually will become a significant source of revenue. . . 

Although in some noteworthy cases involving biotechnology inventions universities are benefitting from 
rsignfficanl royalty payments, there arc potential problems to-face from the flurry of paterit applications 

being put fortfi in the field of gene therapy, according to Ms. Eisenberg. Perhaps chief among them is . 

that research teams and clinicians may, in cffectr4>e?faeed-wjth^»seriesvof.7tolfcbooths"' along the road to 
. ;:deycloping and implementing effective gene theiapy^rocedurcs:^She:^say&^aiiiaisearch groups may be- 

henuned in aruL financially pinched if they haveio enter into:complex'^ss4icciising agreements or if 
^institutions set royalty requirements at levels that are too higb^^dditional complications include 

potential priority disputes between competing "inventors/ disagreements over ownership when 
>rcsear?:hers at several institutions are collaborating on a project, and differences arising because some : 
. researchers such as medical: geneticists tend not to patent their work, whereas other researchers such as 

molecular biologists do so. 

Future Meeting 

The third mceling.pf the Panel to Assess the NIH Investment in Research on Gene Therapy is scheduled 
for August 17-18^1995, in San Francisco, California. 
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REPORT OF.THE THIRDaV?BB^ 1995 

With Dr;Stuart H: Orkin and Dr. Amo G. Moiulsky^ser^mg asfco^haire; the Panel to Assess the NIH 
-Investment in Research on Gene Therapy, convened for its third meeting on August 17-18, 1995v at the 

: .Sir Francis Dnike Motel- San Francisco, California. During the first day of the two^day meeting, panel 
members heard from several representatives of the academic community and the biotechnology industry 
who arc developing gene vectors and working on clinical protocols in die field of gene therapy. The 

-panel members also heard from researchcrs outside this field who are working at a more basic level; 
Some of thtsc researchers arc skeptical about certain developments in gene therapy, calling some of 

- diem misguided, others premature. On the second day, die members of die committee met in a closed 
session to oudirie die report they plan to deliver to NIH Director Harold Varmus. 

.The Case for fej^Emphasizing Basic Research 

- Several investigators who appeared before the panel made a case for re-emphasizing basic research and 
pursuing'odier strategies for treating some of die diseases tfiat researchers in die field of gene dierapy 

ihavc bc^aistudying; One line of argument is that alternative biochentical manipulations appear silnpler ?^- 
to apply dian gene transfer techniques and might reach fruition sooncn Anodier line of argument is that . 
gene transfer approaches are premature becausetJioCcenough ;is4inderstoodiin:thcrfield of stem cell 

,bioIogy/a vital prwcquisite for success in gcnc:^ra^y. 

Soine of diesc inv«tigators criticiz^ed current pfoponents ofgene ther^y fonpl>rtrayingXhe field in 
^^unrealistic tcrms and-riiisreprcsenting progress as riiorc vzpid thaa it has been. For cgcample. Dr. Josci* 
Goldstein called for greater r^ism in die way tfiesc researchers present views of their field to die 
public. He aIso>>inted out diat the development of any new dierapeutic product is a laborious, 
time-consuming effort 

; Dr: Goldstein said diat some of die diseases now targeted by gene dierapy researchers might be treati^ . 
soon^, by odier strategies, if investigators pursued more traditional studies into die padiophysiologic 
basis of die diseases in question. He cited several examples where diis alternative approach has paid off 
either recently or several decades ago. For instance, prednisone treatment reverses steps in a defective 
sterol metabolic padiway that odierwise leads to masculinization. In a more recent development, an 
inhibitor of cholesterol production tlovastatin) overcomes a LDL receptor deficiency and, by lowering 
cholesterol levels, helps to prevent coronary heart disease. 



Dr Goldstein also referred to several genetic dis«»-js that anse because of protein trafficking 
abnonnalilics- In some of those cases, the critical muutions lie outside the functional coding region of 
the enzyme product and, instead, serve to misdirect nascent proteins, which are transported into the 
wrong biological compartments. He called for basic research that could provide an altcmauve means to 
gene therapy for correcting such defects. 

.. '.Or. Irving Weissman and Dr; Goldstein said that studies with animahmedels deserve greater emphasise 
ihan they are receiving by researchers who arc moving quickly from basic research to the clinic to test^ 
new ideas about gene dierapy. This general problem is particularly applicable to several unsolved 

. probiems involving stem cells, which are important but elusive targets of many gene transfer protocols 

^ -in.which long-term gene expression is a major goal. 

Dr. Weissman pointed out.that stem cell biology;jn*amafts andtniosafccssentiailyequivalent. From 
studies<)nmicc,investigators have learned thaistlleREmt^^ 

marrow and that the most desirable subset for gene transfecns ihe ranKt/an^d is**^ to work 

with. 

: A key problem4nidie-use of retroviral vectors is to determine- which>^factors will induce self-renewing 
■ stem cells to divide. Without such detailed information that can be. applied practically; gene transfer 
: {M-ocedures will likely, fail because genes will not be integrating into target progenitor cells. Dr. 
r-Weissman said, thati witfi such fundamental obstacles to human gene transfers? it may make sense to 

focus instead on activating genes that are already present rather than on replacing defective or missing 

genes. 

Dr. Victor Dzauj»6mted out diat, for certain clinical conditions including several diat affect the 
cardiovascular sy^m,.«hort-term rather than long-term gene expression may^be all that is. needed to 

- address specific problems. Moreover, in a rabbit ihodcl system, studies indicate that localized high 
pressure can improve DNA transduction rates, enabling antlscnse oligonucleotides to block transiently a 
celi-ptonferative response that otfierwise- may interfere with surgically, grafted blood vessels. 

-Experiments indicate that hi^ pressure also, enhances the delivery of oligOTUcleotidcs into^ulturcd - • = 
human cells, inqnoving the efficiency of transduction. 

Dr.vOciaId Qabttte described the use of synthcticiilipi'^drsoluble^imerizingsrcagwits ihat can be^ 
bringxellulari^latory (noteins intocovadent jiUtaposition,.therebyxhanging?<hci^^^^ 
^JRbr example; with appropriate dinieric reagents, ^pecifictTM ' 
.such:a way diarthey-permanenUy activate this. processvmeaning that a.tnmsgcnic cell produces high'*? 
levels of the dedgnated gene product Another potential use of such dimerizing regents would be to - 
cross-link specific cell receptors to induccvapoptosb. Although this approach shows promise and many, 
other ai^ications are imaginsiblcstudies are limited so far to cellular systems and considerable work:: 
will be needed before animal-model studies can bc undertaken. . . . .... 

The Case for Simultaneous Basic and Clinical Research 

Several investigators who came before the panel said that the rapid movement from die laboratory to th 
clinic to test gene transfer protocols sometimes is essential. Dr. W. French Anderson said that, with 
more than 120 clinical [votocols now approved, the nearly five-year-old field of gene therapy research is 
showing healthy progress. He also predicted that it will be 1 5 to 20 years before the full potential of 
current research will be realized. 



Dr. Flossie Wong-Staal pointed out that in vitro studies or animal models of ADDS arc far from 
adequate, making it best to go forward rapidly with small, focused clinical trials to test gene transfer 
procedures. Although the rationale for using ribozymc genes to block HIV gene expression appears 
sound when tested at the cellular level, many questions, such as the extent to which target cells in 
patients will be genetically modifled and then selected and whether HIV will develop resistance to the 
ribozyme,can only be addressed through clinical studies. 

Dr. Anderson oudined a variety of gfene therapy research studies at his institution, suggesting lhat this 
locally concentrated diversity of interests and ideas is another sign that diis field is healthy and 

/ populated ;with creative young Jnvjcstigators. He also described a long^eiro projcct thatunvolvcs making 
a series of improvements in a current retroviral-based vector that could extend its halWife in the host 
circulatoiy system, increase its efficiency of binding .to andjentering speciftcjtargeteell^ the host, 
improve its chances of deliycriiig s'cnes for long-term ^r^^^ 

i injectable gencHleH very vptbduct ^Efforts t 

Other current basic research developments .may eventually help sol ve some t)f the challen 
^ investigators conducting human gene transfer protocols now facer. For 

described efforts to modify the long terminal repeat (LTR) in a retroviral vector now being used in gene 
uansfer protocols as a way of extending the expression of transferred genes after diey are delivered to 
. target cells. Hematopoietic cells from mice are providing a valuable model in which, to study this: 
problem, and some results indicate that mcthylation widiin the LTR correlates with the disappearance of 
transferred gene expression. 

In a model systenrik which human bone marrow cells arc introduced into immunologically deficient 
nude mice. Dr. Kdhij and his collaborators find that the addition of stroma enhances gene transfer in , 
vitro and alsa cxten^: long-term expression of the transduced genes. The impact of growtfi factors on 
these stepf is also being evaluated, I>r. Kohn said that, despite the value of this information from 
experiments in mice, clinical trials are needed to understand in detail how each of these steps work in 
humans. 

One important problem that has come to light from eariy gene transfer clinical^tudics is that host 
immunercsponses may^abbrcviate cxpression;of;transfcrr6d^gcnes, Dr..Pauradstbshey cfc^ 
-tpdcyclopispphisticatcd vectors that can oycn»^ 

constructed for use in conjunction with iiifmiunosupprcssiVfeiagentS;SUch a^^d^juiiethasbne or , 
.cyclosporin tfiat can reduce inununc, system responscs,Jncluding deleterious inflammatory reactions. 

-Academic, Industry Representatives' Comments on Policy Questions 

industry arid academic representatives said that clinical trials are an importanidement otgene ther^y; . 
providing-data that have helped jn choosing among models and in other ways-arc proving essential for 
the development of this field. Dr. Wong-Staal said that the cost as well as the conq)lcxity of current 
regulatory requirements impose barriers on efforts to design and conduct small-scale clinical trials. 
Moreover, simplifying annual reporting requirements would be helpful to investigators. 

Dr. Anderson pointed out that progress is more likely to be rapid if individual investigators-raiher than 
a central committee-direct research decision making. He also recommended that the development and 
use of vectors made in NIH-supportcd specialized laboratories not be restricted to only those researchers 
whose work is being supportcjl by NIH. He was less certain whether a policy of limiting such vector 



